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About

Magnetospheres of Outer Planets Meetings

This meeting aims at advancing our understanding of the magnetospheres of the four giant planetsand their interactions with the solar wind, planetary atmospheres and magnetic fields, as well as withtheir moons.
MOPmeetings gather experts from all around theworld for a week in order to present and discuss theirmost recent studies and to enhance collaborative research. The conferences are usually organizedevery other summer. A list of past meeting can be found on the LASP MOP website.
For this virtual version of theMOPmeeting, wewelcome contributions about any subject related to theMagnetospheres of the Outer Planets (Jupiter, Saturn, Uranus and Neptune). The list of topics includes,but is not restricted to, in situ and remote sensing observations, theory or simulations of the entiremagnetosphere or its components, magnetosphere-ionosphere-thermosphere coupling, comparativeplanetology, moon-magnetosphere interactions, auroras and future missions. Contributions dedicatedto science outreach and teaching are also welcome, provided that they are directly or indirectly relatedto the Magnetospheres of the Outer Planets.

Local Organizing committee

Denis Grodent (ULiège) Bertrand Bonfond (ULiège)Alain Carapelle (ULiège, CSL) Benjamin Palmaerts (ULiège)Estelle Portassau (ULiège) Gilles Wautelet (ULiège)Jean-Claude Gérard (ULiège) Jean-Michel Dusoulier (ULiège)Kamolporn Haewsantati (ULiège) Lauriane Soret (ULiège)Marie-Nöelle Chevalier (ULiège) Ruilong Guo (ULiège)Viviane Pierrard (BIRA/IASB, UCL)

Science Organizing committee

Bertrand Bonfond (ULiège, Belgium) Denis Grodent (ULiège, Belgium)Abigail Rymer (Johns Hopkins University, USA) Adam Masters (Imperial College, UK)Alessandro Mura (INAF, Italy) Carol Paty (University of Oregon, USA)Caitriona Jackman (DIAS, Ireland) Licia Ray (Lancaster University, UK)Marissa Vogt (Boston University, USA) Philippe Louarn (IRAP, France)Tomoki Kimura (Tokyo University of Science, Japan)
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Practical Information

This virtual meeting will be held within the Gather.town interface. This interface is accessible via anyup-to-date web browser (Firefox and Chrome are recommended) and only requires a microphone anda camera to interact with other attendees. This interface was chosen because it favors live discussionsand informal interactions.
Apart from the pre-recorded tutorial talks and the two live "Mission Updates" sessions, all presenta-tions will follow a poster format. The meeting will be split over 4 "meeting days". Depending on yourtimezone, ameeting day may spread over two of your own weekdays. For eachmeeting day, therewill be 3 1-hour long poster presentation time slots. Depending on their time zone, the presentersare required to be present "near" their poster for 2 of the 3 slots on their designatedmeeting day, inorder to be able to provide further information and answer questions. The time slots are set so that,whatever your time zone, there should be a suitable slot in your morning and one in your afternoon.The meeting interface and all the posters will be available 24 hours a day for the duration of the wholemeeting, but attendees are expected to favor the designated time slots, in order to maximize theopportunity to interact with presenters and colleagues.
The posters will be provided in advance via a web form to the organizers who will then upload theminto the interface. Only PNG and JPG files are accepted. The image size is not enforced, nor is theorientation (vertical or horizontal), but we highly recommend resolutions of 1920×1600 pixels orhigher. Eachmeeting day will have its dedicated virtual poster room. Each poster is uniquely identifiedby a combination of a letter and a number, which corresponds to its location in the poster rooms.
More information will be provided in due time.
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Timetable

Monday, 12 July UTC

7:00–8:00 PS PostersDay 1 Asia - Europe
14:00 – 15:00 MU Welcome remarks &

Mission Updates 1 Live streaming
15:00–16:00 PS PostersDay 1 Europe - America

Tuesday, 13 July UTC

00:00 – 01:00 PS PostersDay 1 America - Asia
7:00–8:00 PS PostersDay 2 Asia - Europe

14:00 – 15:00 MU Mission Updates 2 Live streaming
15:00–16:00 PS PostersDay 2 Europe - America

Wednesday, 14 July UTC

00:00 – 01:00 PS PostersDay 2 America - Asia
7:00–8:00 PS PostersDay 3 Asia - Europe
15:00–16:00 PS PostersDay 3 Europe - America
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Thursday, 15 July UTC

00:00 – 01:00 PS PostersDay 3 America - Asia
7:00–8:00 PS PostersDay 4 Asia - Europe
15:00–16:00 PS PostersDay 4 Europe - America

Friday, 16 July UTC

00:00 – 01:00 PS PostersDay 4 America - Asia
15:00 End of meeting
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Mission updates - Monday July 12th

Io plasma torus and Jovian aurora activities seen by Hisaki and future icy moon UV
observation platform

F. Tsuchiya 1, G. Murakami2, A. Yamazaki2, K. Yoshioka3, T. Kimura4, C. Tao5, R. Koga6, H. Kita7, M.
Kuwabara2, K. Masunaga2, S. Sakai1, M. Kagitani1, R. Hikida2, T. Sakanoi1, H. Misawa1, Y. Kasaba1,
I. Yoshikawa2, the Hisaki science team, and the LAPYUTA working team

1 Tohoku University, Japan
2 ISAS/JAXA, Japan
3 The University of Tokyo, Japan
4 Tokyo University of Science, Japan
5 NICT, Japan
6 Nagoya University, Japan
7 Tohoku Institute of Technology, Japan
Hisaki is an earth orbiting extreme ultraviolet spectroscope dedicated for observing solar system plan-ets. Thanks to its monitoring capability, Hisaki has carried out unprecedented continuous observationof Io plasma torus and Jovian aurora since December 2013. A notable phenomenon which showedsignificant enhancements of neutral gas (sodium and oxygen) from Io occurred in the spring of 2015.Hisaki revealed that not only the plasma source, but transport, heating, and loss processes of magne-tospheric plasma were influenced by the variation in the neutral source input. The presentation willinclude related topics from recent Hisaki publication. Since the autumn of 2016, the Juno spacecraftwas in the orbit around Jupiter. Hisaki monitored activities of Jovian aurora and the plasma torusin the Juno era. These datasets will provide opportunities to compare in-situ observation by Junowith the global view by Hisaki. JAXA approved the Hisaki mission period by the end of March 2022.The operation after the next April is discussion in the Hisaki team. As a future remote observationplatform, we are going to propose a UV space telescope, LAPYUTA (Life-environmentology, Astronomy,and PlanetarY Ultraviolet Telescope Assembly), a Japanese-leading mission using heritages of UVinstruments for planetary science (e.g., Hisaki) and space telescope techniques for astronomy. Oneof goals of this mission is dynamics of our solar system planets and moons as the most quantifiablearchetypes of extraterrestrial habitable environments in the universe. Water plume that gushes fromthe subsurface ocean of Galileanmoons and tenuous atmospherewhich is generated by bombardmentof energetic charged particles to the surface are primary targets of LAPYUTA. As the plume activity andthe atmosphere are not stable, continuous monitoring with high spatial resolution is essential. The icymoon’s plume and ambient space will be deeply explored with the spacecraft by NASA’s and ESA’s icymoon missions in 2020s-2030s. The complementary remote sensing by LAPYUTA will visualize theirglobal structure and temporal dynamics. We are studying the concept of LAPYUTA and preparing aproposal of it to JAXA M-class category.
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Juno’s Magnetospheric Science Objectives for the Extended Mission

George Clark1, Rob Ebert2,3, Scott Bolton2, Barry Mauk1, Fran Bagenal4, Jack Connerney5,6, Steve
Levin7

1Johns Hopkins University Applied Physics Laboratory, USA
2Southwest Research Institute, USA
3University of Texas at San Antonio, USA
4Laboratory for Atmospheric and Space Physics, University of Colorado, USA
5Space Research Corporation, USA
6NASA Goddard Space Flight Center, USA
7Jet Propulsion Laboratory/Caltech, USA

The Junomission and its unique trajectory throughout Jupiter’s space environment has led to a numberof groundbreaking science discoveries (e.g., Bolton et al. 2017; Connerney et al. 2017; Mauk et al.2018; Kotsiaros et al. 2019). The extended mission naturally continues this discovery theme as Junovisits new regions of Jupiter’s magnetosphere that have not or have only minimally been explored in
situ. Remarkably, Juno’s evolving orbit does this without sacrificing the continued pursuit of Juno’sprime mission objectives as well (e.g., characterization of the internal magnetic field, dynamo, auroralacceleration and magnetosphere). Juno’s extended mission orbit will bring the spacecraft and itshighly capable instrumentation to critically important regions of Jupiter’s magnetosphere, i.e., the Ioand Europa torus and to very low-altitudes over the polar cap region, as well as to new and excitingareas yet to be explored such as the region near magnetospheric boundaries over Jupiter’s southernpole that are vital to understanding Jupiter’s unique magnetosphere and its coupling to the solar wind(Bagenal et al. 2017). Observations from Juno’s extended mission will also provide new insight intoIo’s plasma torus and its variability with Io’s activity, the space environment near Europa as well as thehighly debated topic of whether Jupiter’s polar magnetosphere is open or closed to the solar wind. Inthis presentation, we will briefly discuss the many scientific mysteries Juno has revealed and discussthe key magnetospheric science objectives for the extended mission in more detail.
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Mission updates - Tuesday July 13th

JUICE: A European Mission to Jupiter and its Icy Moons

Claire Vallat, Olivier Witasse, Baptiste Cecconi, Corentin Louis, Norbert Krupp, Adam Masters, Ro-
nan Modolo, Claudio Munoz, and the JUICE SOC team

JUICE - JUpiter ICy moons Explorer - is the first large mission in the ESA Cosmic Vision program.The spacecraft will be launched in 2022, and will arrive at Jupiter in 2031. It will spend three yearscharacterizing the Jovian system, the planet itself, its giant magnetosphere, and the icy moonsGanymede, Callisto and Europa. JUICE will then orbit Ganymede for almost a year. The main goalis to explore the emergence of habitable worlds around gas giants. The advanced instrumentationwill permit new studies of Jupiter’s magnetosphere and its interaction with the Galilean satellites,to further enhance our understanding of the evolution and dynamics of the Jovian system. Thelong-term magnetospheric science will push significantly beyond the capabilities of previous missions,and directly complement the results of the Juno mission. JUICE will explore Jupiter’s magnetospherecovering a wide range of local times within the equatorial plane, as well as carrying out moderateexcursions to higher latitudes. Three regions are of interest: the inner magnetosphere where theplanetary magnetic field dominates, the middle magnetosphere where the effects of the magnetodisccontrols the large-scale magnetic field and plasma populations, and the outer magnetosphere wherethe solar-wind effects are likely to be the largest. Remote sensing measurements of Jupiter’s ringcurrent and auroras will be provided, including energetic neutral atom imaging. The immediate spaceenvironment of the icy moons will be studied in detail; icy moons’ ionosphere will be investigated notonly in-situ with local plasma measurement, but also remotely by studying the Jovian radio emissionspropagation through the moons’ ionosphere. Io and Europa plasma tori will also be characterizedremotely through radio occultation to derive an estimate of their total electron content and betterunderstand the plasma distribution within this region. Interesting heliophysics measurements duringthe cruise phase could be performed and are being studied at the moment.
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The Fields and Particles Investigations of the Europa Clipper Mission

Haje Korth 1, Robert T. Pappalardo 2, David A. Senske 2, James L. Burch 3, Sascha Kempf 4, Margaret
G. Kivelson 5,6, Joseph H. Westlake 1, and the Europa Clipper Science Team.

1 Johns Hopkins University Applied Physics Laboratory, Laurel, MD, USA.
2 Jet Propulsion Laboratory/California Institute of Technology, Pasadena, CA, USA.
3 Southwest Research Institute, San Antonio, TX, USA.
4 University of Colorado Boulder, Boulder, CO, USA.
5 University of Michigan Ann Arbor, Ann Arbor, MI, USA.
6 University of California Los Angeles, Los Angeles, CA, USA.

With a launch readiness date of late 2024, the Europa Clipper will set out on a journey to explore thehabitability of Jupiter’s moon Europa. The mission’s science objectives will be accomplished using ahighly capable suite of remote-sensing and in-situ instruments. The latter provide observations of themagnetic field and particle environments near Europa, providing a baseline throughout the sampledregion of the Jovian magnetosphere. The Europa Clipper Magnetometer (ECM) investigation willmeasure magnetic fields generated by currents induced in Europa’s subsurface ocean and in ionizedmaterial ejected from any plumes, and it will characterize electromagnetic coupling of the moon toJupiter and its magnetosphere. The Plasma Instrument for Magnetic Sounding (PIMS) will measureions and electrons in Europa’s atmosphere to infer the contributions to the magnetic field from plasmacurrents and to understand the interaction and coupling of the plasma with the moon’s surface andwith Jupiter. The MAss Spectrometer for Planetary Exploration (MASPEX) measures trace neutralspecies to determine the composition in Europa’s sputter-produced exosphere and potential plumes.Finally, the SUrface Dust Analyzer (SUDA) will map the chemical composition of particles ejectedfrom Europa’s surface and identify the makeup of potential plumes by directly sampling microscopicparticles originating from the surface, entrained in plumes, or delivered from elsewhere within oroutside the Jovian system. In addition, valuable scientific data on Europa’s radiation environmentcan be inferred from the spacecraft’s radiation monitoring system. The mission plan implements asynergistic set of observations among these instruments to characterize the ice-shell thickness, oceanthickness and salinity, composition of materials making up Europa’s surface and subsurface ocean,and any current plume activity. The project completed its Critical Design Review (CDR) in December2020, and flight hardware builds of instruments and spacecraft are well underway, with the SystemIntegration Review scheduled for November 2021. We review the scientific instruments and objectivesof the Europa Clipper mission with focus on fields and particles science and present updates on thehardware and the mission plan.
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Ice Giant Mission Status: Awaiting with Bated Breath

Mark D. Hofstadter

Jet Propulsion Laboratory, California Institute of Technology
The scientific case for in situ exploration of the Ice Giant planets, Uranus and Neptune, is compelling.All components of those planetary systems (the planet’s interior and atmosphere, the rings, satellites,and magnetosphere) present challenges to our understanding of the basic physical processes involvedin planetary formation and evolution. Furthermore, planets similar in size to the Ice Giants areabundant in exoplanetary systems, being far more common than the Gas Giant planets. Despitebeing a highly-ranked mission in the 2013 Planetary Science Decadal Survey (Vision and Voyages), ouronly measurements from within these fascinating planetary systems remain those collected by thevenerable Voyager 2 spacecraft in the 1980’s. In this talk, I will briefly discuss some of the big-picturequestions to be answered at the ice giants relevant to the magnetospheric community, and discussthe prospect for future missions.
Regarding those big-picture science questions, there are three areas that stand out: What can themagnetosphere tell us about the interior structure of the ice giants? What can the unique geometrybetween the solar wind and the ice-giant magnetic fields—in particular the rapid opening and closingof the planetary field relative to the solar field—¬teach us about the basic physics of plasmas? Andare the ice giant bow-shocks useful analogs for shock fronts in the interstellar medium? These arequestions that can only be addressed by detailed, in situ study of the ice-giant magnetospheres.
The best way to advance our knowledge of the ice-giant systems is with a dedicated mission. Onlya large, Flagship-class mission can address questions across many disciplines, and would contain alarge instrument suite capable of detailed follow-up of the unexpected discoveries sure to arise. Butsmaller missions (such as NASA Discovery and New Frontiers missions) are capable of addressingnarrowly-focused science questions and making key discoveries. What mission path will we follow?It all hinges on the Decadal Survey on Planetary Science and Astrobiology currently underway, withrecommendations scheduled for release in March 2022.
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Tutorial talks

Magnetohydrodynamic simulations of the magnetospheres of the Ice Giants

Léa Griton

Institut de Recherche en Astrophysique et Planétologie (IRAP), University of Toulouse, France
Every planetary magnetosphere of our Solar System presents its own specificities, despite a commonsame physical origin: a strong planetary intrinsic magnetic field that creates a magnetic bubble of lowdensity plasma around the planet, interacting with the supersonic solar wind. The unicity of Uranusin terms of magnetospheric physics comes from the wide range of values that the angle betweenthe magnetic axis and the solar wind flowing direction takes over the day, and over the Uranianyear. This results in the most dynamic magnetosphere within the Solar System, independently ofthe variability of the solar wind itself. In some extent, this is also true for Neptune’s magnetosphere.In this tutorial, some of the key physics question about Uranus and Neptune’s magnetosphere willbe presented, especially the key questions that can be explored through numerical simulations.Magnetohydrodynamic (MHD) simulations are indeed one of the tools currently available to study themagnetospheres of the Ice Giants, Uranus and Neptune. This tutorial will start with a brief introductionto MHD simulations of magnetospheres, including a brief description of the different kinds of modelsand their respective advantages and limitations. The second half of the tutorial will present what canbe learned about the magnetospheres of the Ice Giants from such simulations. In particular, the roleof simulations in the preparation of a future exploration mission will be detailed.
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An overview of radio and plasma waves in the magnetospheres of Jupiter and Sat-
urn

Ali H. Sulaiman

Department of Physics and Astronomy, University of Iowa, Iowa City, USA
This tutorial will introduce some fundamental principles of radio and plasma waves and their applica-tion to Jupiter and Saturn. The emphasis will be on what we learn about these planets by measuringradio and plasma waves both remotely and in situ. The Gas Giants and their environments will beexplored through the lens of these measurements and will span:

i The interior: Long-term remote-sensing observations of radio emissions track a magneticrotation period, whether fixed like Jupiter or time-varying like Saturn. Accurate rotation rate isneeded to determine internal structure and dynamics.
ii The upper atmosphere and magnetosphere: The role of plasma waves is to propagate andtransfer electromagnetic energy through their interaction with charged particles across variousscales. For this reason, plasma wave observations are used to diagnose highly dynamic phe-nomena from auroral processes to atmospheric lightning. Furthermore, the dependence ofplasma wave frequencies on density and temperature means these basic plasma parameterscan be inferred, enabling ionospheric/magnetospheric profiles to be constructed, as well assupporting plasma instruments in their calibration.
iii The moons and rings: Diverse interactions between moons, rings, and their host planets arerevealed from measurements of electromagnetic waves, ionospheric profiles, and dust distribu-tions.
iv The solar wind: The solar wind is a source of a variety of plasma waves, particularly nearplanetary bow shocks. These waves provide insight into the dynamical processes operating inthe near-planet environments, as well as basic properties of the upstream conditions that arenecessary for assessing solar-wind magnetosphere interactions.
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Machine Learning and Data Science Methods: Applications for Advancing Under-
standing of the Magnetospheres of Giant Planets

Abigail Azari

Space Sciences Laboratory, University of California, Berkeley, USA
Recent planetary science missions are returning increasingly large datasets. The data volumes gen-erated by modern missions have begun to necessitate the use of data science methods, includingmachine learning to engage in data analysis. It is advantageous to use these data-intensive methodsto study planetary systems as they provide system-wide perspectives and open new avenues forscientific discovery, and exploration. However, there are several challenges that create difficultieswhen engaging in the scientific process with currently available data and methods. First, planetaryscience data, much like other data from natural systems, is inherently spatio-temporal, of multipleresolutions, and contains uncertainty. This creates a barrier for data processing when using traditionalmachine learning methods. Second, many planetary science questions require the use of interpretablemodels to pursue inference. In other words, answering these questions requires models that followsome underlying physical rules or constraints, or otherwise simple functional form that allows forhuman understanding of the model’s form and outputs.
This tutorial presentation will provide an overview of machine learning and data science methodswith relevant applications in planetary science and space physics. It will then discuss recent advancesin addressing the challenges discussed above for applications in outer planets and magnetosphericstudies. This presentation will additionally provide a discussion on best practices in pursuing dataintensive research. Finally, this presentation will conclude by discussing insights for supporting dataintensive research in the planetary research community broadly; building on recommendationssubmitted to the ongoing Planetary and Astrobiology Decadal Survey for the successful integration ofmachine learning for planetary sciences’ challenges and needs.
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Jupiter’s auroras: lessons from the comparisons with other planets

Zhonghua Yao

Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese Academyof Sciences, Beijing, China
In the giant magnetospheres of Jupiter and Saturn, plasma and energy are potentially received fromexternal (i.e., solar wind) and internal (i.e., moons and rings) sources. The rapid rotation of theplanet, combined with highly variable solar wind conditions, continually perturbs the magnetosphere.The extremely complex particle acceleration associated with these perturbations leads to energydissipation in the magnetosphere and ionosphere. At the planets, auroral emissions are consequencesof these coupling processes. Therefore, remote sensing of aurora provides a global view for usto understand the energy dissipation in the magnetosphere-ionosphere dynamics, which stronglycomplements spacecraft in situ measurements. During the NASA Juno era, the remote sensingobservations from the Hubble Space Telescope, Newton-XMM etc. are often coordinated with Juno’sin situ exploration, offering an unprecedented opportunity to advance the understandings of Jupiter’sauroras. Moreover, the Juno-UVS instrument provides the first opportunity to investigate auroralevolution from the nightside to dayside, and the first results have clearly demonstrated that Jupiter’sauroras may have much more in common with the auroral processes at Earth and Saturn thanpreviously expected. Indeed, knowledge transfer can be highly valuable in understanding auroralmorphologies and mechanisms in both terrestrial and planetary studies.
In this presentation, I will briefly review the auroral characteristics at Jupiter, and particularly I willintroduce recent progresses on (1) how does solar wind compression influence auroral emissions?(2) are dawn storms Jupiter’s substorms? (3) why is the near-pole aurora always bright? (4) areultralow-frequency waves an important driver of the Jovian auroras; (5) why is Jupiter’s soft X-rayaurora pulsating?
The results in this presentation would demonstrate that the comparison of auroral morphologiesbetween different planets is sometimes misleading, as a fundamental plasma process may give rise todifferent displays while similar morphologies may correspond to very different processes. A systematiccomparison of the fundamental plasma processes amongst the Earth, Saturn and Jupiter is pivotal toimprove our understandings of planetary auroral physics.
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Posters - Day 1

Investigating the variability of Triton’s interaction with Neptune’s magnetospheric
plasma – A1

Lucas Liuzzo1, Carol Paty2, Louise Prockter3, Karl Mitchell4, Corey Cochrane4, Tom Nordheim4, Adri-
enn Luspay-Kuti3, Kathy Mandt3, Julie Castillo-Rogez4, Krishan Khurana5, Mats Holmstrom6, An-
drew R. Poppe1, Peter Addison7, and Sven Simon7

1 Space Sciences Laboratory, University of California, Berkeley, USA
2 Department of Earth Sciences, University of Oregon, USA
3 Applied Physics Laboratory, Johns Hopkins University, USA
4 Jet Propulsion Laboratory, California Institute of Technology, USA
5 Institute of Geophysics and Planetary Physics, University of California, Los Angeles, USA
6 Swedish Institute of Space Physics, Sweden
7 School of Earth and Atmospheric Sciences, Georgia Institute of Technology, USA
The tilt between Neptune’s magnetic and rotational axes, and the obliquity of Triton’s orbit, causethe electromagnetic environment at Triton to be highly time-variable. To investigate the variabilityin Triton’s resulting interaction with Neptune’s magnetospheric plasma, we apply a hybrid (kineticions, fluid electrons) simulation that includes both an ionosphere and induced dipole at the moon. Torepresent the changes in Triton’s local electromagnetic field environment over a synodic rotation, wemodel multiple orientations between the ambient magnetic field and flow velocity vectors. For eachcase, we first investigate how the superposition of an induced dipole at Triton with themagnetosphericbackground field perturbs the moon’s local magnetic environment in the absence of any plasmainteraction currents. Next, to constrain the effect of Triton’s dense ionosphere on the local plasmacurrents, we model the interaction between the ionosphere and magnetospheric plasma in isolationfrom induced fields at the moon. Then, we investigate the perturbed environment for the coupledscenario of plasma interaction and induction at Triton. Finally, we explore the sensitivity of Triton’splasma interaction to changes in the upstream magnetospheric plasma density and changes to thestrength of Triton’s inductive response. We find that regardless of Triton’s location within Neptune’smagnetosphere, characteristic plasma interaction signatures dominate the electromagnetic fieldperturbations far from the moon (beyond approximately 3 Triton radii), whereas the induced fieldshapes the local field closer to the surface (within approximately 3 Triton radii). In addition, we showthat the orientation of the ambient magnetic field and velocity vectors strongly affects features ofTriton’s plasma interaction, at times showing similarities to the moons of Jupiter or Saturn, while atothers resembling the lunar interaction in Earth’s magnetotail lobes.
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Range of Plasma Conditions at Ganymede – A2

Fran Bagenal1, Marissa Vogt2, Robert Wilson1, and Chris Paranicas3

1 University of Colorado, USA
2 Boston University, USA
3 Applied Physics Lab., The Johns Hopkins University, USA
We survey data from Ganymede’s orbital distance (∼15 RJ) from Jupiter. We compare plasma param-eters (density, temperature, composition, flow) from Voyager, Galileo and Juno spacecraft. Thesethermal populations are compared with the energetic particles measured by the Juno-JEDI instrument.Magnetic field models (e.g. Khurana, JRM09+Con2020) are compared with Galileo and Juno data.Statistics are derived for variations in the parameters with longitude and with time. Derived quantities(plasma thermal pressure, ram pressure, beta, Alfven speed, sound speed, etc) are found for typicalconditions upstream of Ganymede.
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Compilation of Jovian radio Decametric emissions with complete arcs in dynamic
spectra observed by Wind/WAVES/RAD2 and the Nançay Decameter Array – A3

H. R. P. Jàcome1, M. S. Marques1, E. Echer2, L. Lamy3, and P. Zarka4

1 Federal University of Rio Grande do Norte, Brazil
2 National Institute for Space Research, Brazil
3 LESIA, Observatoire de Paris, CNRS, PSL, UPMC, UPD, France
4 LESIA, Observatoire de Paris, CNRS, PSL, SU/UPD, France
The plasma-satellite electrodynamic interactions that occur inside the Jovian magnetosphere with theGalilean satellites produce field-aligned electric currents that are carried by Alfvén waves towardsJupiter’s ionosphere, accelerating electrons and causing auroral emissions at UV, IR and radio wave-lengths. The Jovian Decametric (DAM) radio emissions are produced by electron-wave resonancethrough the Cyclotron Maser Instability (CMI) at the local electron cyclotron frequency. These emis-sions have frequencies from a few MHz to∼40 MHz, and, therefore, are partially observed from theEarth >10 MHz.The long-term monitoring of Jupiter by the Nançay Decametric Array has enabled to collect more than40 years of daily observations of Jupiter between 10 and 40 MHz. The last 30 years of observations(since 1990) compose the NDA’s extensive digital catalog, which based the in depth study of the variousJovian DAM components, and provided evidences of emissions driven by Io, Europa and Ganymede.However, radio observations from ground-based instruments such as the NDA are limited by theterrestrial ionosphere’s cutoff frequency, of∼10 MHz, and by Radio Frequency Interference (RFI) upto∼20 MHz.In this context, the complementary use of observations from spacecraft-based radio instrumentsemerges as an interesting possibility to improve the analysis of planetary radio emissions by overcom-ing the frequency limitation of terrestrial observations. Wind is a spacecraft that has been on space,at the vicinity of the Earth, since the end of 1994, collecting radio DAM emissions with frequencies upto 14 MHz through the onboard WAVES experiment, whose frequency range coverage comprises partof the Jovian DAM emission that is not detectable by the NDA. Jupiter is observed by Wind in someparts of the spacecraft’s orbit, making it possible for WAVES receivers to occasionally detect JovianDAM emissions at low frequencies.Therefore, this work aims at producing a catalog of Jovian DAM emissions observed by both the NDAand Wind to improve the analysis of the emissions controlled by the Galilean satellites that have beenobserved on the NDA’s catalog, by extending these emissions to their lower frequencies observed byWind. This extension enables the visualization of the entire frequency range of the emissions and amore complete analysis of their arc shapes formed in the dynamic spectra.
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The plasma interaction at Io: impact of the velocity dependence of ion-molecule
charge exchange collisions – A4

V. Dols1, R. E. Johnson2, and F. Bagenal1

1 LASP Colorado University, Boulder, Colorado, USA
2 Department of Materials Science and Engineering, University of Virginia, Charlottesville, Virginia,USA
The Io plasma torus is mostly composed of singly and multi-charged S and O ions. These ions interactwith the neutrals of Io’s atmosphere (S, O, SO2 and SO) through symmetrical (i.e. O+ + O⇒ O + O+)and asymmetrical (i.e. S++ + O⇒ S + O++) charge-exchange collisions. Charge-exchange cross-sectionswere estimated in Johnson & Strobel, 1982 and McGrath & Johnson, 1989 at 60 km/s (the plasmacorotation velocity in Io’s frame), and are used in numerical simulations of the torus/neutral cloudinteraction (i.e. Delamere and Bagenal, 2003).Dols et al, 2008 presented numerical simulations of the multi-species chemistry interaction at Iousing these cross-sections at 60 km/s. The plasma/atmosphere interaction at Io is strong and the flowvelocity and ion temperature are drastically reduced close to Io (v<10 km/s). Thus, velocity-dependentcharge-exchange cross-sections are critical for such numerical simulations and their effect on the localplasma and neutral supply at Io should be explored.We revisit the calculation of ion/neutral charge-exchange cross-sections following Johnson & Strobel,1982’s approach for plasma velocities relevant to the local interaction at Io (v=10-120 km/s). Whenappropriate scaling to available laboratory data is used.We illustrate the effect of using velocity-depend charge-exchange cross-sections in numerical simula-tions of the multi-species plasma/atmosphere interaction at Io.
ReferencesJohnson & Strobel, Charge-exchange in the Io torus and exosphere, JGR, 87, 1982McGrath & Johnson, Charge exchange cross sections for the Io plasma torus, JGR, 94, 1989Delamere & Bagenal, Modeling variability of plasma conditions in the Io torus, JGR, 108, 2003Dols, Delamere, Bagenal, Kurth, Paterson, A multi-species chemistry model of Io’s local interactionwith the plasma torus, JGR, 113, 2008
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Electromagnetic induction in the icy satellites of Uranus – A5

Christopher S. Arridge1 and Joseph W. B. Eggington1

1 Lancaster University, UK
The discovery of subsurface oceans in the outer solar system has transformed our perspective of iceworlds and has led to our consideration of their potential habitability. The detection and detailedcharacterisation of induced magnetic fields due to these subsurface oceans provides a unique abilityto passively sound the conducting interior of such planetary bodies. In this poster we consider thepotential detectability of subsurface oceans via induced magnetic fields at the main satellites ofUranus (Arridge and Eggington, submitted). We describe our Uranus magnetic field model and useit to generate synthetic time series that are analysed to determine the significant amplitudes andperiods of the inducing field. We demonstrate the presence of a ring spectrum of signals due to theasymmetries in the uranian planetary system. We use an induction model to determine the amplitudeof the response from subsurface oceans and find a weak but detectable ocean response and commenton the implications for future mission and instrument design.
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Detecting Triton’s putative ocean from electromagnetic sounding from a single
flyby – B1

Krishan Khurana1, Corey Cochrane2, Karl Mitchell2, Julie Castillo-Rogez2, Lucas Liuzzo3, Carol Paty4,
and Louise Prockter5

1 Dept. of Earth, Planetary and Space Science, University of California at Los Angeles, CA 90095
2 Jet Propulsion Laboratory, 4800 Oak Grove Dr. Pasadena, CA 91109
3 Space Science Laboratory, University of California at Berkeley, CA
4 Dept. of Earth Sciences, University of Oregon, Eugene, OR 97403
5 Applied Physics Laboratory, 11100 Johns Hopkins Road, Laurel, Maryland 20723
Triton, the largest satellite of Neptune is in a retrograde orbit and is likely a captured Kuiper Belt Object(KBO). It has a near circular orbit (with a mean radius of 14.3 RN ) which is tilted relative to Neptune’sequator by 156.9 degrees. With a mean radius of 1353 km and a mean density of 2.061 gm/cm3, Tritonis believed to have a hydrosphere about 400 km thick. The young age of its surface and tectonicallyactive surface hint at an internal heat source that could keep much of the hydrosphere in a liquidstate. Triton is also one of the few outer planet satellites to possess a thick ionosphere (peak electrondensity > 2x104/cm3). The height-integrated Pedersen conductivity exceeds 1x104 S and is expected toelicit a strong electromagnetic induction response complicating the sounding of Triton’s subsurface.The magnetic field of Neptune near Triton’s orbit has a peak strength of∼ 10 nT and because of thelarge tilt of Neptune’s dipole field axis relative to its spin axis (-47 degrees) is mostly cyclical in itsform (the cyclical field is twice as strong as the non-cyclical field at Triton, whereas at Europa thecyclical field is 20% of the constant field). We show that the spectrum of the magnetic field at Tritonis dominated by two frequencies, one at 14.5 hrs (amplitude∼ 7 nT, at the synodic rotation period ofNeptune in Triton’s frame) and 140 hrs (amplitude∼ 3nT, at the orbital period of Triton). We showthat for most ionosphere conductivity models, the 14.5 hr wave is unable to penetrate deep into theputative ocean and is unable to elicit a response. However, the 140 hr wave penetrates the ionospherealmost unattenuated and can sound Triton’s ocean.We introduce a technique that allows us to determine the strength and phases of the magneticmoments generated at the 14.5 hr and 140 hr waves from the data from a single flyby. The techniqueuses the properties of the expected phase delays of the signals to constrain accurately the amplitudesof the magnetic moments of the two waves. The technique has been tested against several thousandmodels of the interior of Triton and found to provide accurate inversions of the dipole moments anddiscriminate between the oceans and no-oceans solutions in a robust manner.Finally, Neptune’s rotation period is not known accurately and therefore the phase of the 14.5 hrwave at the time of arrival would not be known a priori. We therefore test our technique with allpossible phases of this wave and show that the detection of the ocean is possible for all arrival phasesof Neptune’s rotation.
Acknowledgements: Part of this work was carried out at the Jet Propulsion Laboratory, CaliforniaInstitute of Technology under contract to NASA.
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Interaction of Jupiter’s magnetosphere with Ganymede’s surface – B2

C. Paranicas1, J. Szalay2, B. H.Mauk1, G. Clark1, P. Kollmann1, D. Haggerty1, J.Westlake1, F. Allegrini3,4,
R. Ebert3,4, S. Bolton3, E. Roussos5, L. Liuzzo6, T. Nordheim7, L. Regoli1, and N. Ligier8

1 JHU/APL, USA
2 Princeton U, USA
3 SWRI, USA
4 UTSA, USA
5 MPS, Germany
6 UC Berkeley, USA
7 JPL, USA
8 University of Paris-Saclay, France
Ganymede’s albedo is different in the polar and equatorial regions. The work of Khurana et al. (2007)suggests this is a weathering phenomenon, where Jovian field lines that connect to the polar regionsof Ganymede would be populated by different levels of particle flux than the closed field lines withboth footpoints on the moon. Earth-based observations suggest further that the equatorial regionis not uniform, with much less water ice in the very top layer around the trailing hemisphere apex(Ligier et al. 2019). We suggest that, if the polar-equatorial albedo differences are a weatheringphenomenon, the most likely agent is electrons, which are well organized by field topology due totheir smaller gyroradii. Ions can become energetic neutrals atoms and hit the moon if they passthrough the population of neutrals in bound Ganymede orbit, so their weathering patterns may beless coherent than electron ones. If the ENA conversion mechanism we propose allows substantialion flux to reach the surface, i.e., vitiates the magnetic barrier, it may explain the lack of water ice ontrailing apex as a sputtering phenomenon.
ReferencesKhurana et al. (2007), Icarus, 191, 193-202Ligier et al. (2019), Icarus, 333, 496-515
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Using Hisaki neutral oxygen observations and 3D modeling for insight into Io and
its neutral torus – B3

H. T. Smith1, Ryoichi Koga2, and Fuminori Tsuchiya2

1 Johns Hopkins Applied Physics Laboratory, USA
2 Tohoku University, Japan
The Jovian system is very intriguing with extremely different particle sources ranging from the vol-canic Io to the frozen world of Europa with both existing within Jupiter’s relatively high radiationmagnetospheric environment. While Voyager, Galileo and Cassini provided historic observations ofthis unique environment, they also raised numerous questions. As the dominant source of particles toJupiter’s magnetosphere, Io is of particular importance. However, this source is not well understoodwith total rate estimates varying from 700-2400 kg/sec and even the specific source mechanisms(ex. volcanic vs. sublimation) are under debate. Thus, characterizing the Io source is required tounderstand Jupiter’s magnetosphere as well as enabling understanding of the minor (but extremelyimportant) source. Since its launch in 2013, the JAXA Hisaki (SPRINT-A) mission offers the potential toanswer some of these questions and help make future missions more successful.The JAXA Hisaki mission has provided unprecedented observations of the Jovian system with itsextreme ultraviolet (EUV) spectroscope (EXCEED) instrument. In particular, it’s UV neutral oxygen lineof sight observations provide the best glimpse so far of Jovian neutral particle populations. This isexciting in that for the first time, the neutral tori can be directly observed on time scales that constrainsatellite sources. The current Hisaki oxygen UV line of sight (LOS) observations are already revealingan intriguing amount of spatial and temporal. This data can also shed unprecedented insight intoneutral torus distributions which could subsequently provide essential information about the sourcesand mechanisms from Io. However, 3-D modeling is required to interpret the complex and dynamicobservational geometries. Thus, for this presentation, we show preliminary research that combinesHisaki neutral oxygen LOS observations with computational modeling to identify and characterize Io’ssource of particles to Jupiter’s magnetosphere and the resulting neutral tori populations.
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A possible dust origin for an unusual emission feature in Io’s sodiumneutral clouds
– B4

C. Grava1, T. A. Cassidy2, N. M. Schneider2, H.-W. Hsu2, J. P. Morgenthaler3, François Leblanc4, V.
Mangano5, K. D. Retherford1,6, M. H. Burger7, and C. Barbieri8

1 Southwest Research Institute, San Antonio, TX, USA
2 Laboratory for Atmospheric and Space Physics, University of Colorado Boulder, Boulder, CO, USA
3 Planetary Science Institute, Tucson, AZ, USA
4 LATMOS/IPSL, Sorbonne Université, UVSQ, CNRS, Paris, France
5 INAF/IAPS, Rome, Italy
6 University of Texas at San Antonio, San Antonio, TX, USA
7 Space Telescope Science Institute, Baltimore, MD, USA
8 University of Padua, Department of Physics and Astronomy, Padua, Italy
We report the results of model simulations performed to explain the nature of a relatively newsodium emission feature observed in Io’s Neutral Clouds. The feature was detected via high-resolution(∆λ/λ ∼ 115,000) spectroscopic observations from the 3.6-meter Italian telescope TNG (TelescopioNazionale Galileo). The emission feature is blueshifted compared to the main emission (the banana-shaped Neutral Cloud loosely bound to Io) by a few tens of km s-1, and it is most prominent when Iois a few tens of degrees before eclipse behind Jupiter’s shadow. The feature’s morphology changeswith time, indicative of a geometrical effect. We constrained its direction, velocity, and brightness (i.e.column density) with a model of sodium atom trajectories under the influence of Io’s and Jupiter’sgravity and solar radiation pressure. The model that best explains this emission feature has the atomsinjected into the exosphere from the leading/sub-Jovian hemisphere of Io (45-68◦ West longitude),with velocities from 50 to 90 km s-1 relative to Io. These trajectories are consistent with those ofnegatively charged particles moving through the co-rotational electric field of Jupiter’s magnetosphere.We argue that the most plausible origin for this feature is dusty grains of size∼10 nm, as shown bysimulations of nanodust grains trajectories. The sodium atoms would be liberated by ion sputtering ofNa-bearing molecules (most likely NaCl or Na2SO4, both detected by the Cassini Cosmic Dust Analyser)attached to these dust grains. Both modeling and observational constraints provide an order-of-magnitude estimate of the sodium production rate on the order of 1026 s-1. We discuss alternativeexplanations for the blueshifed feature (negatively charged sodium ions) and why we find them lesslikely to the dust hypothesis. Our work provides another method to monitor the amount of materialthat Io is supplying to its Neutral Clouds and plasma torus.
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Energetic ion signatures associated with Io’s footprint tail – B5

G. Clark1, B. H. Mauk1, P. Kollmann1, C. Paranicas1, J. Szalay2, A. Sulaiman3, J. Saur4, F. Allegrini5,6,
F. Bagenal7, S. Bolton5, J. E. P. Connerney8,9, R.W. Ebert5,6, S. Elliott3, D. J. Gershman9, D. Haggerty1,
and A. Rymer1

1 Johns Hopkins University Applied Physics Laboratory, Laurel, MD
2 Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey
3 Department of Physics and Astronomy, University of Iowa, Iowa City, IA
4 University of Cologne, Cologne, Germany
5 Southwest Research Institute, San Antonio, TX
6 University of Texas at San Antonio, San Antonio, TX
7 Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, CO
8 Space Research Corporation, Annapolis, MD
9 NASA Goddard Space Flight Center, Greenbelt, MD
Juno’s regular excursions of Io’s low-altitude footprint tail provide us with comprehensive particlesand fields measurements to probe the nature of the Io-Jupiter interaction region. Here, we present asurvey of energetic (>50 keV) ion signatures from the Jupiter Energetic particle Detector Instrument(JEDI). We find that very near, or likely within the Main Alfvén Wing, ions are heated to high energiesvia wave-particle interactions and form upgoing conic distributions (Clark et al., 2020; Sulaiman etal., 2020, Szalay et al., 2020). More recent analyses, including a close inspection of Juno’s first 26orbits, reveal that ion acceleration is a persistent feature associated with Io’s footprint tail. Whetheror not the acceleration is active throughout the full extent of the tail region will be addressed in thispresentation. We will also show observations of plasma waves, magnetic turbulence and lower-energyelectrons accompanying the energetic ions in search for correlations and casual links.
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Energy deposition by energetic electrons into Titan’s atmosphere – C1

Leonardo H. Regoli1, Tom A. Nordheim2, Sven Simon3, and Tyler Tippens3

1 Johns Hopkins University Applied Physics Laboratory
2 Jet Propulsion Laboratory, California Institute of Technology
3 School of Earth and Atmospheric Sciences, Georgia Institute of Technology
Titan, Saturn’s largest moon, is the only moon in the solar system known to harbor a significantatmosphere. Different processes contribute to the ionization of atmospheric particles, creating acomplex ionosphere that acts as a conducting obstacle to the incoming plasma, thereby forming aninduced magnetosphere, similar to those formed at Mars and Venus by their interaction with thesolar wind. When located inside the magnetosphere, the interaction is subsonic, so no bow shockis formed in front of the moon, thus allowing magnetospheric particles to directly interact with theupper layers of the atmosphere. Energetic electrons play an important role in the creation of thenightside ionosphere, and in the ionization of atmospheric particles below the main ionosphericpeak. Cassini was equipped with the necessary instrumentation to measure the influx of energeticelectrons, with the Low Energy Magnetospheric Measurements System (LEMMS). In this contribution,we present a combination of the results from a test particle model used to trace energetic electronsupon electromagnetic fields generated by the AIKEF hybrid code and upstream measurements fromthe LEMMS instrument to estimate the local contributions of the precipitating energetic electrons tothe ionization of Titan’s atmosphere.
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The Europa Clipper Magnetometer (ECM): Objectives and Progress – C2

M. G. Kivelson1,2 , X. Jia1, J. Biersteker3, J. Blacksberg4, C. Cochrane4, C. Harris1, S. Joy2, K. K.
Khurana2, H. Korth5, J. Liu2, N. Murphy4, C. Raymond4, C. T. Russell2, R. Strangeway2, M. Villareal4,
and B. Weiss3

1 Department of Climate and Space Sciences and Engineering, University of Michigan, Ann Arbor, MI,USA
2 Department of Earth, Planetary, and Space Sciences, UCLA, Los Angeles, CA, USA
3 Department of Earth, Atmospheric, and Planetary Sciences, MIT, Cambridge, MA, USA
4 Jet Propulsion Laboratory, Pasadena, CA, USA
5 Johns Hopkins University Applied Physics Laboratory, Columbia, MD, USA
The icy surface of Jupiter’s moon, Europa, is believed to hide a global scale ocean buried at relativelyshallow depth. Considerable support for this model comes from the inductive magnetic responseidentified in data from multiple Galileo flybys; many surface features also support this assertion.However, the thickness of the ice layer and the depth of the ocean and its conductivity remainuncertain. Largely because a moon with a buried ocean is a good place to look for an environmentcapable of supporting life in some form, NASA has developed a mission, the Europa Clipper, designedto characterize the habitability of Europa. The spacecraft, now under construction by JPL and APL,will be launched on a commercial launch vehicle in late 2024 (launch window opens on Oct. 10) ona Mars-Earth gravity assist trajectory, arriving at Jupiter in April of 2030. After orbital adjustmentthrough multiple encounters with Ganymede (and one or more with Callisto), the spacecraft will makemultiple close flybys of Europa.A key objective of the mission is to characterize the hidden ocean more completely. The amplitude ofan induced field depends on the driving frequency of a time-varying field, with different frequenciespenetrating the conducting ocean to different depths. Thus, by measuring the amplitude of theinductive signature at Europa at multiple natural frequencies including the synodic rotation period ofJupiter (11 hours) and its harmonics and the orbital period of Europa (85 hours), it will be possible tolearn a great deal about the global averaged properties of the ocean and the ice layer. One might thinkthat a continuous data set such as that collected by a spacecraft in orbit around Europa would berequired to extract the multiple frequency response, but it is possible to patch together data segmentsfrom tens of close flybys to obtain the needed information. The Europa Clipper mission will providethe required information from a tour that passes close to the moon more than 40 times in differentlocations around its orbit.The signal at the orbital period is not large, and extracting desired results will require collecting dataof high precision, so a key requirement of instrument design, development, and operation is to assureas magnetically clean an environment as possible, operational stability and precise calibration. Threefluxgate magnetometers will be aligned near the end of an 8.5-m-long boom. The sensors themselves,now actual hardware, will be calibrated on the ground before being integrated into the spacecraft.Field gradients along the boom will be used to identify and remove the contribution of the spacecraftfield at the outboard sensor. Spacecraft rolls will be used to calibrate the sensors periodically inflight.This report will provide updates on the hardware development, calibration procedures, and thescience of the mission.
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A Comprehensive Set of Juno In Situ and Remote Sensing Observations of the
Ganymede Auroral Footprint during PJ30 – C3

V. Hue1, T. K. Greathouse1, J. R. Szalay2, G. R. Gladstone1,3, F. Allegrini1,3, S. Kotsiaros4, C. K. Louis5,
A. Mura6, J. A. Kammer1, G. Clark7, B. Bonfond8, J.-C. Gérard8, D. C. Grodent8, R. W. Ebert1,3, R. S.
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4 National Space InstituteMeasurement and Instrumentation Systems, DTU, Kongens Lyngby, Denmark
5 School of Cosmic Physics, DIAS Dunsink Observatory, Dublin Institute for Advanced Studies, Dublin,Ireland
6 Institute for Space Astrophysics and Planetology, National Institute for Astrophysics, Rome, Italy
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The Galilean satellite auroral footprints result from the interaction between the co-rotating iogenicplasma and the different satellites. Since its arrival at Jupiter in 2016, Juno continues to revolution-ize the field of moon-magnetosphere interaction by providing, for each perijove, multi-instrumentdatasets combining in-situ and remote-sensing measurements of the magnetic fluxtubes connect-ing each satellite with their auroral footprints. So far, the Juno measurements favor an Alfvénicacceleration mechanism generating both the main auroral footprint spot and the footprint tail emis-sions. This work focuses on the Ganymede fluxtube crossing of PJ30 (8 Nov 2020), during whichJuno appeared to be connected to Ganymede’s Main Alfvén Wing (MAW) southern footprint. Thepeak MAW UV-brightness recorded by Juno-UVS was 472 +/- 40 kR, while JADE-E recorded a highlystructured downward precipitating electron energy fluxes peaking at∼300 mW/m2 and an averageddownward precipitating energy flux of 51 mW/m2. We present a multi-instrument characterization ofthis event.
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Reflections from Io: I31 revisited – C4

David Southwood1, Margaret Kivelson2,3, and Xianzhe Jia2
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2 Department of Climate and Space Sciences and Engineering, University of Michigan, Ann Arbor, MI,USA
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The Galileo I31 pass took the spacecraft over the northern pole of Io. The encounter takes place veryclose to perijove and the spacecraft orbit is closely aligned along the wake of the moon. The geometryof the pass is the first to firmly rule out the presence of any internal field at Io but also the long periodwhere the spacecraft remained for a substantial time on flux tubes which would have passed throughor near Io renders the pass also of great interest. Indeed, we show evidence of disturbance detecteddownstream of Io whose polarisation and apparent scale length resembles that of the Io disturbanceitself. The signal amplitude is a factor of ten smaller than the disturbance at Io. Nonetheless, weexamine the possibility that it is an Alfvén wave echo that has reflected back and forth from thesouthern ionosphere.
Properties of turbulent Alfvénic fluctuations and wave-particle interaction associ-
ated with Io’s footprint tail – C5

Sascha Janser1, Joachim Saur1, George Clark2, Ali Sulaiman3, and Jamey Szalay4

1 Institute for Geophysics and Meteorology, Cologne, Germany
2 Johns Hopkins University, Applied Physics Laboratory, Laurel, MD, USA
3 Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa, USA
4 Department of Astrophysical Sciences, Princeton University, Princeton, NJ, USA
We investigate the small-scale magnetic field fluctuations and their associated turbulent nature inthe Io flux tube connected to Io’s footprint tail (IFPT). Our study is based on the recent magneticfield measurements by the Juno spacecraft during the PJ12 Juno flyby. Here we are interested inunderstanding what type of turbulence is consistent with the fluctuations in the quasi-dispersionlessfrequency range of 0.2 - 800 Hz as observed by Sulaiman et al, 2020. Knowledge of the turbulentfluctuations is important to constrain the acceleration mechanisms for ions and electrons in the Ioflux tube.In this workwe first show that the observed fluctuations in the spacecraft frame correspond to Doppler-shifted spatial fluctuations structured perpendicular to the background magnetic field. Consequently,we reinterpret the spectral index of the observed magnetic power spectral density to be potentiallythe result of weak-MHD and sub-ion scale kinetic Alfvén wave turbulence in the low-frequency regime.Our theoretical modelings show that turbulence can be driven both in the torus region and at highlatitudes rendering results in agreement with the Juno measurements. Calculated turbulence heatingrates are consistent with observed energy fluxes in the Io flux tube and represent efficient driversfor particle acceleration. Moreover, a widening of the IFPT structure with respect to the Io flux tubeextent is consistent with propagating dispersive Alfvén waves modified by kinetic effects on theirgroup velocities.

33



Magnetospheric ion bombardment of Europa’s surface – D1
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Jupiter’s moon Europa is exposed to constant bombardment by magnetospheric charged particles,which are expected to be a major source of physical and chemical surface modification. We haveinvestigated the flux of magnetospheric ions at Europa’s surface by carrying out single-particle tracingwithin realistic electromagnetic fields from multi-fluid magnetohydrodynamic simulations of themoon’s interaction with Jupiter’s magnetosphere. We find that magnetic field line draping and pile-upleads to shielding and drastically reduced flux at low latitudes across Europa’s trailing (upstream)hemisphere. Furthermore, we find that magnetic induction within Europa’s sub-surface ocean leadsto additional shielding when the moon is located at high magnetic latitudes. Overall, we find that thehigh latitude and polar regions receive the largest flux of magnetospheric ions.
Influenceof Europa’s Time-Varying Electromagnetic Environment onMagnetospheric
Ion Precipitation and Surface Weathering – D2

P. Addison1, L. Liuzzo2, H. Arnold1, and S. Simon1

1 Georgia Institute of Technology, USA
2 Space Sciences Laboratory, University of California at Berkeley, USA
We combine the electromagnetic fields fromahybridmodelwith a particle-tracing code to calculate thetime-varying spatial distribution of magnetospheric ion flux onto the surface of Jupiter’s moon Europa.The electromagnetic fields at Europa are perturbed by the sub-alfvénic interaction of the moon’sionosphere and induced dipole with the magnetospheric plasma. These perturbations substantiallymodify magnetospheric ion trajectories at all energies. We calculate spatially resolved surface fluxmaps of thermal and energetic ions for various distances between Europa and the center of Jupiter’smagnetospheric plasma sheet. The upstream ion distributions are constrained through in-situ particledata from the Galileo and Juno spacecraft. These maps are then combined to obtain the averagedistribution of magnetospheric ion surface flux over a full synodic rotation. Our results show that thedraping and pileup of the magnetic field reduce ion flux onto Europa’s trailing hemisphere by severalorders of magnitude, while a significant number of the incident ions are deflected onto the leadinghemisphere. Taking into account the deflection of energetic ions in the draped electromagneticfields shifts the region of minimum energetic ion surface flux from Europa’s wakeside equator to itsramside equator. This generates an “inverted bullseye" pattern of energetic ion flux centered at thetrailing apex. Despite drastic changes to the morphology of the ion surface flux when the alfvénicplasma interaction is included, we still find a strong correlation between variations of sulfuric acidconcentration observed across Europa’s surface by Galileo and our modeled sulfur influx pattern.
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Effects of Europa’s atmospheric asymmetries on its plasma interaction: Insights
from the Galileo E15 Flyby – D3

Camilla D. K. Harris1, Xianzhe Jia1, and James A. Slavin1
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Europa’s neutral atmosphere is intrinsically coupled to the plasma interaction between Europa andJupiter’s magnetosphere through various mass-loading and momentum-loading processes. Modelsfor the neutral atmosphere have predicted that an atmospheric bulge rotates around Europa with theillumination of the Sun, potentially leading to global-scale asymmetries in the atmosphere (Plainaki etal., 2013; Oza et al., 2019), but to date nomodels for the plasma interaction have investigated the effectof this variation on Europa’s ionosphere and the resulting perturbations to the magnetic and plasmaenvironment. We have used a multi-fluid MHD model (Harris et al., 2021) to simulate the E15 Galileoflyby, during which Europa’s leading/downstream hemisphere was illuminated, to identify the effectsof this atmospheric bulge on the plasma interaction. Our simulations indicate that an atmosphericbulge on Europa’s leading hemisphere during the E15 flyby can well explain both the measuredmagnetic field and plasma density in Europa’s wake. Our results are consistent with the analysis ofVolwerk et al. (2001), who identified a source of mass-loading on Europa’s leading hemisphere duringthe E15 flyby. Our results are also consistent with the atmospheric models of Plainaki et al. (2013)and Oza et al. (2019), who predicted that an atmospheric bulge should form on Europa’s leadinghemisphere during configurations similar to that of the E15 flyby. Our results demonstrate the crucialimportance of taking into account variations in Europa’s neutral atmosphere in understanding Europa’splasma interaction and have important implications for developing high-fidelity plasma interactionmodels for Europa.
Timescales and vertical structure of the Io auroral footprint emission – D4

A. Mura1, A. Moirano1, V. Hue2, and the JIRAM Team
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The auroral footprints are peculiar features of Jupiter aurorae, and consist of bright spots (andassociated tails) that appear in the ionosphere at the base of the magnetic field lines that swept pastIo, Europa, and Ganymede. The moons are slow-moving obstacles in the path of Jupiter’s rapidlyrotating magnetospheric plasma and the resulting electromagnetic interaction launches Alfven wavesalong the magnetic field lines towards Jupiter. Such waves are associated with field aligned currents,whose electrons then precipitate onto the atmosphere, react with the hydrogen and make it to glow.However, Juno’s close observations of such footprints revealed a fine structure, which in some waychallenges the current knowledge and modelling for their formation. Here we focus on the temporalvariability and the vertical structures of the footprints.
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The inclusion of the Irish LOFAR station IE613 in the Jupiter observing program: a
first multipoint observing case study of the Io-DAM emission – D5
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The Low Frequency Array (LOFAR) is an international radio telescope array, consisting of 12 internationalstations spread over Europe, with additional stations and a central hub in the Netherlands. I-LOFAR isthe Irish complement to this network and the 12th international station to be built in Europe. It allowsIrish astrophysical research to be integrated with one of the most sophisticated telescopes on theplanet. Here, we want to study the Jovian decametric radio emission induced by Io, at high temporaland spectral resolution, from several LOFAR stations distributed in Europe, using the westernmostposition of the Irish station. The objectives of these observations are multiple. As the stations are welldistributed over Europe, we are able to measure a time difference between different observations ofthe same event. For example, between Letvia LV614 (the easternmost station) and Ireland IE613, thedifference in observation time of an Io induced radio emission should be 6 ms. Since we have bettertime resolution than this (LOFAR stations can go down to 5µs), we are able to measure this offset. Thisgives us the rotation rate of this source, and also allows us to put constraints on the size of the emissionbeam. Using interferometry techniques, we are also able to put constraints on the source position(longitude + altitude of the sources), which we can compare with the theoretical source position. Thisshould allow us to constrain the angle of attack in longitude between the active magnetic field lines(where the sources are located) and the instantaneous magnetic field lines connected to Io. This shiftin longitude will allow us to determine an estimate of the electron density of the torus of Io (this shiftbeing produced by the fact that the perturbation moves at Alfvén speed). A first set of observationsusing I-LOFAR in single station mode were taken in late 2020 to verify the processing pipeline andoffer the opportunity to explore techniques to reduce RFI. Here we report early results and futureplans from a significant campaign of multi-point LOFAR observations, starting in June 2021.
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High-contrast imaging and spectroscopy in the visible and near-infrared rangewith
a low-scattering off-set telescope PLANETS – E1

T. Sakanoi1, M. Kagitani1, J. Kuhn2, S. Berdygina3, M. Emilio4, Y. Kasaba1, S. Okano1, H. Nagawa1,
T. Obara1, M. Hirahara5, and M. Kurita6

1 Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University
2 Institute for Astronomy, University of Hawaii, USA
3 Kiepenheuer Institute for Solar Physics, Germany
4 Universidade Estadual de Ponta Grossa, Brazil
5 Graduate School of Environmental Studies, Nagoya University
6 Graduate School of Science, Kyoto University
We are carrying out a 1.8-m aperture off-axis telescope project PLANETS (Polarized Light from Atmo-spheres of Nearby ExtraTerestrial Systems). The PLANETS telescope is characterized by high-contrastimaging and spectroscopic capability thanks to low-scattering in the optical system by combiningoff-axis mirror, adaptive-optics (AO), and stable atmospheric conditions of an observatory site at ahigh-altitude. In particular, the off-axis system brings us no cross-shaped diffraction pattern causedby the secondary mirror support in the optical path, and thus the scattering light of PLANETS isestimated to be more than 10 times better than that of a normal large telescope. PLANETS Foundation(www.planets.life), whose board members are from Japan, USA, Germany, and Brazil, manages thisproject.Our major scientific goal is to detect faint emission surrounding planet and satellite in the solar systemas well as exoplanets, such as Jovian satellite Europa’s plume andMartian ionosphere. These emissionsare so faint (10−3 to 10−6 to the brightness of planetary or satellite disk) close to the main disk (lessthan a few arcsec) that the measurement of these distributions and time variabilities are difficult.PLANETS is appropriate to observe these targets by taking advantages of high-contrast imaging andspectroscopic capability and monitoring operation optimized for the targets.The telescope optics has a Gregorian focus with a FOV of 6’ (F/13). The main mirror is ClearceramZ-HS with a diameter of 1850 mm and thickness of 100 mm. So far, the glass blank of main mirrorwas made in 2010, the rough grinding was carried out by Harris/Excelis in 2012. In December 2019,the mirror was shipped from Hawaii to Japan for the final polishing. We glued 36 metal adapters onthe backside of mirror to connect the mirror support. We adopted the mirror support with warpingharness which is similar to TMT and the Seimei telescope. We made the elemental test of the whif-fletree system, and confirmed that the performance for stress input is as expected by the structuremodel with a finite element method (FEM), and the repeatability (hysteresis) for stress change is inthe acceptable range. We will carry out the final polishing using a dragging three probe method with arobot-arm system at Logist Lab./Astro-Aerospace within a year. Compared with a traditional CGH-typeinterferometric metrology, the dragging three probe method and polishing with the robot arm arecharacterized by the free-form metrology with three-probe. We expect to obtain the accuracy ofmain mirror better than 20 RMS nm by the final polishing. In addition, we will fabricate the telescopemount and structures using the proto-type mount Seimei telescope. We will assemble the wholePLANETS telescope sytem, and achieve the first light and technical demonstration, particularly onthe high-contrast and low-scattering capability, in Japan within a few years. Further, we already havethe construction permit at the summit of Haleakala (CDUP) from the State of Hawaii, and we plan toinstall PLANETS there as soon as we get the funding for the observatory construction.
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Numerical simulation of the passive subsurface radar for Jupiter’s icymoons – E2

Tomoki Kimura1, Rikuto Yasuda2, Fuminori Tsuchiya2, Atsushi Kumamoto2, Hiroaki Misawa2, and
Yasumasa Kasaba2

1 Tokyo University of Science, Japan
2 Tohoku University, Japan
The subsurface ocean at icy bodies in our solar system is one of the most likely habitable environmentsexcept for Earth. While the subsurface ocean of Enceladus at Saturn has been already demonstratedwith the Cassini explorer, it is still unclear that Europa and Ganymede at Jupiter have it although theyare theoretically predicted to have greater amount of liquid water than Earth. The highest priority isplaced on detections of the subsurface ocean and related water plume activities at Jupiter’s icy moonsin the Jupiter Icy Moon Exploration mission JUICE, which is going to start exploration in early 2030s.Here we numerically simulate the passive subsurface radar PSSR for the icy moon’s ocean that is goingto be observationally made by receiving Jupiter’s auroral radio emissions with the radio and plasmawave instrument RPWI onboard JUICE. Based on the ray tracing method, we simulate propagation ofJupiter’s radio emission in the icy moon’s water plume, tenuous ionosphere, and interior assumingthe plasma density and dielectric constant structures. The simulation indicated that some of thestructures are clearly detectable by PSSR if the incident radio emission forms chirpy waveform packetsat HF frequencies.
Newestimates of sputtered EnergeticNeutral Atoms from the surface ofGanymede
– E3

A. Pontoni1, M. Shimoyama1, Y. Futaana1, S. Fatemi2, A. Poppe3, M. Wieser1, and S. Barabash1

1 Swedish Institute of Space Physics, Kiruna, Sweden
2 Department of Physics at Umeå University, Umeå, Sweden
3 Space Sciences Laboratory, University of California, Berkeley, CA, USA
Surface weathering by precipitating Jovian plasma is thought to cause brightness asymmetries atthe surface of Ganymede. One way to investigate this theory is to map ion precipitation throughremote observations of Energetic Neutral Atoms (ENAs). Ion precipitation leads to the sputtering ofEnergetic Neutral Atoms that can be detected remotely by instruments such as the Jovian NeutralAnalyzer (JNA) onboard the JUpiter ICy moon Explorer (JUICE) spacecraft. To help interpret the datato be collected by JNA, estimates of sputtered fluxes at Ganymede are needed. We combine resultsfrom hybrid simulations of ion precipitation at Ganymede with sputtering models derived in previousworks to estimate sputtered fluxes of H2O, O2, and H2 from the surface of Ganymede. We then usea Thompson-Sigmund law to derive the energy distribution of the sputtered ENAs and simulate asimplified JNA observation at different places on the surface of Ganymede. Our global sputtering ratesare in agreement with previous works, and our simulated observations show that the JNA instrumentwill be able to map ion precipitation at Ganymede.
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Small Scale Morphology of the Footprint Tails of Io, Europa and Ganymede ob-
served by JIRAM – E4

Alessandro Moirano 1 and the JIRAM team

1 Institute for Space Astrophysics and Planetology, National Institute for Astrophysics (INAF - IAPS),Rome, Italy
The Jovian Infrared Auroral Mapper (JIRAM) on board Juno is a spectro-imager which is observingthe atmosphere of Jupiter and its auroral emission using its two imagers in the L (3.3-3.6µm) and Mbands (4.5-5.0µm) and a spectrometer (2-5 µm spectral range).The high spatial resolution of the JIRAM imager allowed to observe the detailed structure of theauroral signature related to the Galilean moons. This phenomenon is caused by the jovian magneticfield sweeping past the satellites: such interaction generates Alfven waves that travel along themagnetic field lines as field aligned currents (FACs). The electrons associated to the FACs precipitateonto the ionosphere, where they trigger a chain of chemical reactions with the hydrogen and makethe upper layer of the atmosphere to glow. The location where the main precipitation occurs is knownas footprint, which is followed by a fading auroral arc known as footprint tail. JIRAM observed adot-like substructure consistently in the footprint tails of Io, Europa and Ganymede using its L-bandfilter. The images acquired from perijove 4 to 30 where surveyed and analyzed quantitatively. Wereport that the typical distance between the sub-dots lies mostly between 200 and 500 km, withno apparent correlation with the phase of the moons or the hemisphere. This suggests that theorigin of the observed morphology can be due to ionospheric processes. Furthermore, a sequence ofimages of the Io footprint tail lasting about 10 minutes on the southern hemisphere was capturedduring perijove 13 and it revealed that the sub-dots are corotating with the magnetic field of Jupiter.The same behaviour was observed during two shorter sequence (perijoves 14 and 26), therefore webelieve that this feature is not transient.The morphological characteristics we retrieved are incompatible with multiple reflection of the Alfvenwaves between the hemispheres. Instead, we suggest a feedback process between the ionosphere andthe magnetosphere as a potential cause for the sub-dots. Such process is triggered the local increaseof the ionospheric conductivity caused by the FACs in a region where Pedersen and Hall currents flow.We report order of magnitude estimates showing that the feedback process is compatible with theobserved distance between sub-dots and their stillness.
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Study of the sodium jet of Io with the TRAPPIST telescopes – E5

A. de Becker1, B. Bonfond1, E. Jehin1, and Z. Yao2

1 Université de Liège, Belgium
2 Chinese Academy of Sciences, China
Io is the solar system’s most volcanically active body. This volcanic activity results in the ejection ofmaterial into Io’s atmosphere, which then escapes from the atmosphere to form various structuresin the Jovian magnetosphere. These include the plasma torus and clouds of neutral particles. Thephysical processes involved in the escape of particles are not yet fully understood. Indeed, the studyof the atmosphere and the volcanoes in the one hand and the study of the plasma torus on the otherhand, lead to two different conclusions regarding the origin of the variability of the torus plasmacontent. Observations of Io, with a particular focus on the neutral sodium clouds, which are relativelyeasy to detect thanks to the bright D-doublet of sodium, could help solve the mystery surroundingthe escape of those particles.Here we report on observations carried out during 15 nights in 2014 and 2015 with the 60 cm roboticTRAPPIST-South telescope and a narrow band sodium filter. On those images, a particular attentionwas paid on the sodium jet, one of the neutral sodium features. Among the images where the jet canbe seen, we noticed that it does not always have the same size and brightness from one observationto another. The current study is to measure the physical quantities, as the brightness of the jet, itslength and duration to be able to quantify these variations through time.Furthermore, similar Io sodium observations are currently planned and carried out with both TRAPPISTtelescopes. The images will be processed via different methods to highlight the sodium jets. Contraryto the observations made in 2014 and 2015, the new observations will be performed at momentschosen specifically to observe the jet. The configuration of Io with respect to Jupiter will be moreor less the same from one observation to another in order to facilitate the comparisons. Thesenew observations will be in the form of a monitoring, about two times a week for several months,to maximize the chances to catch the jet and have a more continuous data set to have a betterunderstanding of its variation through time. In case a bright event is detected, more and denseobservations will be carried for several hours continuously to follow the event.
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Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly
(LAPYUTA) mission: instrument overview – F1

GoMurakami1, Fuminori Tsuchiya2,MasatoKagitani2, Atsushi Yamazaki1, KazuoYoshioka3,Masaki
Kuwabara4, Keigo Enya1, and Shoya Matsuda1

1 JAXA/ISAS, Japan
2 Tohoku Univ., Japan
3 Univ. Tokyo, Japan
4 Rikkyo Univ., Japan
The Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly (LAPYUTA)mission aims to carry out spectroscopy with a large effective area (>300 cm2) and a high spatialresolution (0.1 arc-sec) and imaging with a wide field of view in an ultraviolet spectral range (110-190nm) from a space telescope. The main part of the science payload is a Cassegrain-type telescopewith a 60 cm-diameter primary mirror. Two main instruments are installed on the focal plane of thetelescope: a spectrometer and a wide-field imager. The spectrometer contains a movable slit withdifferent slit width, a holographic toroidal grating with 2000 lines/mm, and an MCP detector coupledwith CMOS imaging sensors. Spectral resolution of <0.01 nm and field-of-view of 100 arc-sec will beachieved. The wide-field imager located at the off-axis position close to the spectrometer slit consistsof an array-type detector with 4MCP sensors. It will achieve a field-of-view of 10 arc-min by 10 arc-min.A UV slit imager and hydrogen absorption cell are also under study as options. In order to achieve ahigh spatial resolution of 0.1 arc-sec, we will install a target monitoring camera at 0th order positioninside the spectrometer and slit imager for both attitude control and image accumulation process.We are studying the concept of LAPYUTA and preparing a proposal of it to JAXA’s M-class category.Here we present the LAPYUTA concept design and the overview of the spacecraft and instruments.
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Future observations of Jovian system with LAPYUTA (Life-environmentology, As-
tronomy, and PlanetarY Ultraviolet Telescope Assembly) – F2

Fuminori Tsuchiya1, Go Murakami2, Tomoki Kimura3, Ryoichi Koga4, Chihiro Tao5, Kei Masunaga2,
Shotaro Sakai1, Jun Kimura6, Masato Kagitani1, Kazuo Yoshioka7, Atsushi Yamazaki2, and LAPYUTA
WG

1 Tohoku Univ., Japan
2 ISAS/JAXA, Japan
3 Tokyo Univ. of Science, Japan
4 Nagoya Univ, Japan
5 NICT, Japan
6 Osaka Univ., Japan
7 Univ. Tokyo, Japan
Ultraviolet observation technique is one of the most powerful tools to cover wide science fields, fromplanetary science to astronomy. Herewepropose aUV space telescope, LAPYUTA (Life-environmentology,Astronomy, and PlanetarY Ultraviolet Telescope Assembly), as a Japanese-leading mission, by usingboth many heritages of UV instruments for planetary science (e.g., Hisaki) and space telescope tech-niques for astronomy. We will accomplish the following four goals: (1) dynamics of our solar systemplanets and moons as the most quantifiable archetypes of extraterrestrial habitable environments inthe universe, (2) transit spectroscopy of exoplanetary atmosphere, especially hydrogen and oxygenexospheres, to observe on-going atmospheric escaping predicted to occur on Earth-like exoplanets inthe habitable zone of low temperature star system, (3) the unique UV map of the gaseous large-scalestructures (LSSs) to test the structure formation scenario of the cold dark matter (CDM) model and tounveil galaxy growth and feedback processes in the LSSs, and (4) the time-domain survey for transientsky in the UV wavelength to witness the first moments of high-energy events such as compact-objectmergers and supernovae with a great synergy of the growing facilities of multi-messenger astronomyincluding gravitational-wave observatories.In this presentation, we focus on the first topic which includes sciences related with the Galileanmoons and the Jovian magnetosphere. In our solar system, subsurface oceans of icy moons at gasgiants are the most likely extraterrestrial habitable environment. Evolution and current situation ofthe subsurface oceans are essential unresolved problems to assess their habitability. Water plumethat gushes from the subsurface ocean to the surface and ambient space is the only observablephenomena that tells us geological activity of the ocean. The energetic charged particle surroundingthe icy moons is an essential energy source for chemistries at the icy moon’s surface and interior.The energy input from the magnetosphere to the icy moons is caused by bombardment of energeticcharged particles to the satellite atmosphere and surface and is visible through the auroral emissionsin the satellite atmosphere. As the plume activity and the energy input are not stable, continuousmonitoring with high spatial resolution is essential. The origin of energetic charged particles is heatingand acceleration of plasma in the magnetosphere. The heating and acceleration phenomena are ableto be visualized by the polar auroral emission that maps to the magnetosphere through the planetaryintrinsic magnetic field. Monitoring capability of LAPYUTA will enable us to see dynamics of auroralmorphology to uncover energy flows from the magnetosphere to the icy moons. The icy moon’splume and ambient space are deeply explored with the spacecraft by NASA’s and ESA’s icy moonmissions in 2020s-2030s. The in-situ measurement with the spacecraft quantifies the gas density,molecular/atom species, and electromagnetic fields at the spacecraft location. The complementaryremote sensing of the plume and ambient space by LAPYUTA will visualize their global structure and
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temporal dynamics.
Fast and Slow Water Ion Populations in the Enceladus Plume – F3

R. P. Haythornthwaite1,2, A. J. Coates1,2, G. H. Jones1,2, and J. H. Waite3

1 Mullard Space Science Laboratory, Department of Space and Climate Physics, University CollegeLondon, UK
2 Centre for Planetary Sciences at UCL/Birkbeck, UK
3 Space Science Division, Southwest Research Institute, USA
Ion velocities have been measured during the Enceladus E3 and E5 flybys using the Cassini PlasmaSpectrometer (CAPS) instrument on the Cassini spacecraft. Data from three sensors in the CAPSinstrument have been examined from two flybys that occurred during 2008. Positive ion measure-ments from the CAPS Ion Beam Spectrometer and Ion Mass Spectrometer have been used to measurepositive ion velocities. The CAPS Electron Spectrometer has been used to complement the positive ionfindings with measurements of negative ion velocities. Two velocities for the positive ions are found,with the fast ions (2.3-5.8 km/s) originating from the high-speed neutral gas emission and slow ions(0.2-2.2 km/s) associated with the low-speed thermal gas emission from Enceladus. Negative ionswere found to be near stationary or northerly traveling, implying a deceleration mechanism withinthe plume. A tentative detection of fast negative ions was also recorded for one of the flybys. Thesefindings will aid in future modeling of plume dynamics.
Time-varying interactionof the Jovianmagnetospherewith Europa: three-dimensional
MHD simulations of the Galileo flybys – F4

S. Cervantes 1 and J. Saur1

1 Institut für Geophysik und Meteorologie, Universität zu Köln, Cologne, Germany
Europa, the smallest of the Galilean moons, is embedded within Jupiter’s magnetosphere where arapidly flowing plasma interacts electromagnetically with the moon’s atmosphere and its surface.The magnetic field in the plasma is also affected by Europa’s induced magnetic field in a subsurfaceconducting layer. Between 1996 and 2000, the Galileo spacecraft executed eight close flybys of Europafor which magnetic field measurements were obtained. In this study, we investigate the environmentof Europa and model the global three-dimensional interaction between the moon and the corotatingJovian plasma by means of a set of magnetohydrodynamic (MHD) equations. Our model accounts forelectromagnetic induction in a subsurface water ocean, collisions between ions and neutrals, andplasma production and loss. The resulting magnetic field is compared with measurements performedby the Galileo magnetometer. We also present an analysis of the observations from these flybys takinginto consideration the variable geometry of the trajectories. The model shows good agreement withthe measured magnetic field and it reproduces the basic features of the plasma interaction in thevicinity of Europa.
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The effect of Europa’s induced dipole and plumes on energetic proton depletions
in the Alfvén wings – F5

H.L.F. Huybrighs1, A. Blöcker2, E. Roussos3, C. van Buchem4, Y. Futaana5, M.K.G. Holmberg1, C.
Goetz1, and O. Witasse1

1 ESA/ESTEC, the Netherlands
2 Universität München, Germany
3 Max Planck Institute for Solar System Research, Germany
4 Leiden University, the Netherlands
5 Swedish Institute of Space Physics, Sweden
We investigate energetic proton depletions during Europa flybys E17 and E25A∗ by the Galileo mission.Both of these flybys passed through Europa’s Alfvén wings further away from the moon, whereionospheric effects are small. Energetic ion observations along trajectories like those of E17 & E25Aare suitable for isolating the characteristics of the global configuration of the interaction region ofEuropa (or any Galilean moon) with the Jovian magnetosphere.We simulate the measured flux with a Monte Carlo particle tracing code and investigate the effect ofthe following factors: inhomogeneous electromagnetic fields, Europa’s induced dipole, atmosphericcharge exchange and plumes.We find that the homogeneous fields do not explain the Galileo data. We propose that the perturbedfields associated with the Alfvén wings affect the proton depletions. The inhomogeneous fields andinduced dipole alter the pitch angle distribution of the depletion along the trajectory. The plumesthat are investigated in this study have a minor effect on the proton depletions compared to theinhomogeneous fields and Alfvén wings. But, plumes with a surface density in excess of 2.5 1015 m−3

could create a more pronounced depletion. The contribution of atmospheric charge exchange to thedepletion is negligible for these flybys. Finally, we compare the simulations to the measured protonflux and discuss the contribution of the effects we have considered.
∗E25A is a segment of the Io flyby I25
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Posters - Day 2

Structure and variability of Io plasma torus observed with the Tohoku 60-cm tele-
scope – G1

M Kagitani1, F. Tsuchiya1, and T. Sakanoi1

1 Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University
Volcanic gases (mainly composed of SO2, SO and S) originated from jovian satellite Io are ionizedby interaction with magnetospheric plasma and then form a donut-shaped region called Io plasmatorus. Ion pickup is the most significant energy source on the plasma torus though, distribution ofpick-up region and its variability is still unclear. Density profiles of ions along the magnetic field lineare determined under condition of diffusive equilibrium. Based on the equilibrium, plasma equator isclose to the centrifugal equator though, higher ion anisotropy moves the plasma equator toward themagnetic equator. Measuring ion distribution with enough special resolution enables us to deriveion anisotropy which is tightly related to the amount of fresh pickup ion. On this study, we focus onvariability of latitudinal structure of Io plasma torus as well as its radial structure using ground-basedobservation starting from 2018 through 2020.The ground-based observation of sulfur ion emission, [SII] 671.6 nm and 673.1 nm was made atHaleakala Observatory in Hawaii during March 2018 through October 2020 using Tohoku 60-cmtelescope. A monochromatic imager with coronagraph attached onto the telescope enables tomeasure distribution of singly charged sulfur ion with spatial resolution of 0.03 jovian radii. A digitalmicro-mirror device DMD was employed to block light from Jupiter disk and Galilean moons. Typicalintegration time of each frame was 20 minutes and total number of reduced images is about 1500.We also made observation of neutral sodium cloud extending up to several hundred of RJ as a proxyof supply of neutral particles from Io (Yoneda et al., 2015).Based on observation over the past three years, we find several [SII] brightening events within a shortperiod (< 2 days) over a small longitudinal region < 60 degrees. [SII] 671.6 and 673.1 nm emissions aresensitive to cold electron (1-10eV) rather than hot electron (>100eV). Thus, increase of cold electrontemperature explains the observed [SII] brightening well as the EUV space telescope Hisaki observedbrightening of Io plasma torus presumably associated with injection of hot electron. We also findvariation of latitudinal structure of Io plasma torus. Latitudinal (north-south) peak of [SII] at the samesystem III longitude 279 degree are -0.73, -0.80 and -0.79 jovian radii on 26, 29 July 7 and August 2018,respectively. The magnetic-equatorward shift of sulfur ion density peak implies higher anisotropy on29 July and 7 August compared with 26 July. One of the possible explanations of the latitudinal shiftof [SII] is an increase of flesh pickup ion which makes higher anisotropy in the plasma torus.
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Temporal variation of the Io plasma torus seen from Hisaki satellite – G2

K. Yoshioka1, F. Tsuchiya2, M. Kagitani2, F. Bagenal3, N. Schneider3, G. Murakami4, T. Kimura5, A.
Yamazaki4, H. Kita6, E. Nerney3, I. Yoshikawa1, and R. Hikida4

1 The University of Tokyo
2 Tohoku University
3 University of Colorado
4 JAXA
5 Tokyo University of Science
6 Tohoku University of Technology
The temporal variation of ion and electron densities and electron temperature around IPT have beenevaluated through the plasma diagnostic method using the EUV spectral data taken by Hisaki from2013 to 2016. Within these years, several IPT brightness increases in the timescale of several weeks tomonths caused by the volcanic activity on Io have been detected by various observations by groundtelescopes. During those events, the increase of the hot electron component has been confirmedafter four of the five events. The dawn-to-dusk asymmetry in hot electron density are also seen inseveral events. In this presentation, we will summarize the Hisaki IPT data, and the procedure of thespectral analysis has also been shown. The temporal variation of IPT brightness from 2013 to 2021(whole Hisaki operation) will also be shown.
Electron energization and the Io plasma torus energy budget – G3

D. Coffin1, P.A. Damiano1, P.A. Delamere1, and J.R. Johnson2

1 University of Alaska Fairbanks, USA
2 Andrews University, USA
We use a self-consistent two-dimensional hybrid gyrofluid-kinetic electron (GKE) model to simulate thepropagation of Alfvén wave energy along a Jovian flux tube and examine the resulting wave-electroninteractions. At high latitudes the interaction of electrons with inertial Alfvén waves manifests ashighly field-aligned broadband electron distributions (e.g. Damiano et al., 2019) that are qualitativelyconsistent with recent Juno satellite observations. Post-energization, the distribution functionsmaintain an elongated tail suggesting that energization of trapped electrons via dispersive scaleAlfvén waves can be a source of suprathermal electrons critical to the torus energy balance (Bagenaland Delamere, 2011) and the torus physical chemistry (Coffin et al, 2020). The post-energizationappearance of electron beams close to the Io torus also suggests that Alfvén-wave energized electronscould be a source of the observed trans-hemispheric beams (as proposed by Bonfond et al., 2008).We also explore the sensitivity of the model results to variations of the input parameters and comparethese results with the energy budget calculations of Hess et al. (2011).
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Using a 3D Physical Chemistry Model to Simulate Spectral Observations of the Io
Plasma Torus – G4

Edward G. Nerney1 and Fran Bagenal1

1 Laboratory for Atmospheric and Space Physics, University of Colorado Boulder, Boulder, Colorado,USA
ESA’s JUICE mission and NASA’s Europa Clipper are sending UVS instruments to the Jupiter systemthat will view the Io plasma torus. In anticipation of these missions we have built a 3D Io plasmatorus emission model in order to simulate what we would expect to see from both UVS instrumentslooking at the Io plasma torus. The Colorado Io Torus Emission Package 2 (CITEP 2) calculates theline of sight given the position of each spatial pixel and pointing of the spacecraft and produces asynthetic spectrum given plasma densities and temperatures along the line of sight using the CHIANTIatomic database (version 9) to compute volume emission rates. We compare our model with CassiniUVIS and Hisaki UV observations of the Io plasma torus. In addition we couple a 3D model of thephysical chemistry to a neutral cloud model, and the local interaction. Output of this model will bea 3D distribution of densities and temperatures for all modeled species. This will then be used asinput for CITEP 2 in order to predict what we expect to see when JUICE and Europa Clipper arrive atJupiter.
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Using Io Input/Output observatory (IoIO) observations to provide annewapproach
to resolving the question: Is mass flow in Jupiter’s magnetosphere driven by inter-
nal or external processes? – G5

Jeffrey P. Morgenthaler1, Carl Schmidt2, Marissa Vogt2, and Nicholas M. Schneider3

1 Planetary Science Institute, USA
2 Boston University, USA
3 Colorado University, Boulder, USA
The Io plasma torus (IPT) is the primary reservoir through which nearly all material in Jupiter’smagnetosphere flows. Thus, regulation ofmass flow in Jupiter’smagnetosphere is ultimately controlledby mass flow through the IPT. Considerable work has been to determine the mechanism(s) whichcontrol mass flow in the IPT. In all cases, a small population of hot electrons (1% – 3%) has been shownto be critical. The question then becomes: where do these hot electrons come from? Theoreticalevidence suggests electrons are heated by Alfven waves triggered partly by flux tube interchange inthe IPT and partly by the flow of plasma around Io (e.g., Delamere et al. 2005, Copper et al. 2016,Coffin et al. 2020). Observational evidence suggests that the hot electrons are produced in the middleand outer magnetosphere during magnetospheric reconfiguration events and transported inward byflux tube interchange (e.g., Yoshikawa et al. 2016, Yoshioka et al. 2018, Hikida et al. 2020, Louarn et al.2014). Because IPT hot electrons stimulate emission in the UV, observational studies have primarilybeen conducted at these wavelengths. Observed correlation between UV emissions and events in themiddle and outer magnetosphere is the evidence for causality.In this presentation, we describe a different observational approach being conducted by our teamusing the Io Input/Output observatory (IoIO). IoIO is a ground-based small-aperture coronagraphwhich contemporaneously observes the IPT S+ 673.1 nm line and the Jovian sodium nebula on anightly basis. The S+ 673.1 nm line is excited by thermal electrons and is therefore a proxy for thebulk density of IPT plasma. The IoIO sodium images are of considerably higher spatial resolution thanother synoptic studies (e.g., Mendillo et al. 2004, Yoneda et al. 2015), owing to IoIO’s larger aperture.The IoIO sodium images allow study of detailed structures in the nebula (e.g., "banana," "jet" and"stream") which trace specific physical processes acting between the IPT and Io’s atmosphere. Thesestructures, together with the time history of the brightness of the IPT, enable solution of the massbalance equation governing material flow from the IPT. The astrometric position of the IPT ansas tracethe cross-tail electric field, which is an indicator of middle-outer magnetospheric activity. Thus, IoIOcollects all the information necessary to answer the question "Is mass flow in Jupiter’s magnetospheredriven by internal or external processes?" without relying on observation of the hot electrons thatare proposed to be critical in the process. In this way, the IoIO results will serve as an importantindependent verification of the relationship between hot electrons and mass transport in the IPT.IoIO has collected over 7500 S+ and Na images and is entering its fourth year of operation. We willreport on the status of IoIO data collection and analysis, including a reanalysis of the 2018 volcanicevent reported by Morgenthaler et al. (2019) in light of our latest calibration results.
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Kinetic Alfven wave propagation and electron energization in the Io plasma torus
– G6

P. A. Damiano1, P. A. Delamere1, D. Coffin1, and J. R. Johnson2

1 Geophysical Institute, University of Alaska Fairbanks, Fairbanks, AK, USA
2 Department of Engineering and Computer Science, Andrews University, Berrien Springs, MI, USA
Observations of the Galileo satellite have illustrated small scale magnetic field fluctuations near Io(e.g. Chust et al., 2005) suggesting the presence of kinetic Alfven waves in the Io plasma torus. Inthe terrestrial magnetosphere, both observations (e.g. Wygant, 2002) and simulations (e.g. Wattand Rankin, 2009; Damiano et al., 2016) have linked these waves to energized electron distributionfunctions elongated in the direction parallel to the background magnetic field. In this study, wepresent an overview of hybrid gyrofluid-kinetic electron model (Damiano et al., 2019) simulationsof the interaction of electrons and kinetic Alfven waves in a heavy mass, high density torus. Wehighlight the resulting wave-particle interactions for both positive and negative field-aligned currentregions and investigate the characteristics of the reflection/transmission of the waves through thetorus boundary. We additionally explore what role these waves may play in the local generation of thesupra-thermal electron population which has important implications for the System IV modulation inthe Io plasma torus.
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The responseof Jovian innermagnetospheric plasma to theneutral source changes
from Io: Comparison of a radial diffusionmodelwith the HISAKI observation – H1

Kazuki Yamaguchi1, Fuminori Tsuchiya1, Tomoki Kimura2,MasatoKagitani1, Takeshi Sakanoi1, Yohei
Kawazura3,4, Yuto Katoh3, Ryoichi Koga5, Kazuo Yoshioka6, Reina Hikida7,8, Ichiro Yoshikawa6, Go
Murakami8, and Atsushi Yamazaki8

1 Planetary Plasma and Atmospheric Research Center, Tohoku University, Japan
2 Tokyo University of Science, Japan
3 Graduate School of Science, Tohoku University
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5 Graduate School of Environmental Studies, Nagoya University
6 Graduate School of Frontier Sciences, The University of Tokyo
7 Graduate School of Science, The University of Tokyo
8 JAXA
We developed a time-dependent radial diffusion model to evaluate chemical reactions and radialtransport of plasmas in the Io plasma torus(IPT). We compared equilibrium plasma distribution withthe HISAKI observation to validate the model and investigated mass and energy flows in the magneto-sphere when neutral sources from Io temporally changed. The radial distribution of the plasma hasbeen examined based on steady state models and observations of Voyagers and Cassini spacecraft.However, comparison of the time dependent model with continuous observations have not beenreported yet. The purpose of this study is to develop a time-dependent radial diffusion model and tocompare the model with the HISAKI observation in 2015.We solved mass and energy balances of major heavy ions of Io origin (O+-O3+ and S+-S4+). Theequation system is based on the mass and energy transport model by Delamere et al. [2005]. Nearbythe Io’s orbit, plasma parameters (temperature and density of ions and thermal electrons) are cal-culated by the physical chemistry model [Delamere and Bagenal 2003] and are used as the innerboundary condition. At the outer boundary (about 30RJ ), the plasma parameters are fixed withextrapolated HISAKI observation. We considered several chemical interactions: ionization, recom-bination, charge exchange, Coulomb interaction and radiation. The initial values were given fromthe HISAKI observations in November 2013 when Io’s volcanic activity was quiet. Since the plasmadiffusion due to the interchange instability depends on the radial distribution of plasma, we adopteda non-limner diffusion coefficient based on Siscoe and Summers [1981]. To verify the validity of themodel, the steady state temperature and density in the region of 6-10RJ were compared with theHISAKI observation [Yoshioka et al. 2014] and we got the parameters that best matched with theobservation; at L=6, the hot electron fraction is 0.2%, the hot electron temperature is 60eV, theneutral source rate is 6.5∼10−4/cc/s, p and kΩ which characterize the radial diffusion coefficient are2.0 and 8.0× 10−16, respectively. From comparison of the timescales for each chemical reaction andthe diffusion at steady state, it is confirmed that O+ and S2+ are the most dominant ions in IPT.To investigate the time variations of the IPT, we compared the time-dependent model with the HISAKIobservation during the IPT emission enhancement in 2015. We assumed the injection of neutralsstarted on the day of year (DOY) 10 in 2015. To reproduce the observation, it is needed to introduceincrease in not only the neutral source rate but hot electron density. We examined the mass andenergy flow among the neutrals, ions, and electrons. Neutralization through charge exchange andrecombination is the most dominant loss process and 70% of the energy is provided from thermalelectron heated by hot electrons, and 80% of loss process is caused by the UV radiation. While theradial diffusion coefficient was consistent with previous studies, the coefficient kΩ was over 100 times
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larger than the estimation based on the theory.
Long-term monitoring of Jupiter’s aurora and Io torus by Hisaki EXCEED – H2

HajimeKita1, Tomoki Kimura2, Fuminori Tsuchiya3, GoMurakami4, Atsushi Yamazaki4, Chihiro Tao5,
Ryoichi Koga6, Reina Hikida7, Kazuo Yoshioka7, and Ichiro Yoshikawa7

1 Tohoku Institute of Technology
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7 University of Tokyo
Hisaki is an Earth-orbiting spacecraft equipped with a UV spectroscope that primarily observes plane-tary atmospheres and magnetospheres. The spectrometer EXCEED (Extreme Ultraviolet Spectroscopefor Exospheric Dynamics) has a unique dumbbell-shaped slit for observing the Io plasma torus andJovian aurora simultaneously. Hisaki EXCEED can continuously observe the Jovian system along the106 min orbit for several months, which is a feature never available for large facilities such as HubbleSpace Telescope. Hisaki EXCEED began its monitoring of the Jovian system in December 2013 withthe dumbbell slit. Because of the degradation of the Hisaki EXCEED field of view camera, it is moredifficult to track the target with the guide camera after mid-2016. The location of Jupiter was setto in the narrow slit region, however, sometimes aurora moved away from the narrow slit region.Therefore, we use two observing modes, ’torus mode’ and ’aurora mode’ since 2017. The Jovian diskis located in the wide-slit region for the aurora mode. Both north and south auroras are observed,and only one side of the torus can be seen. For the torus mode, we set the location of Jupiter to thenarrow slit region, and the torus fit within the wide-slit region. We have been developing a pipeline tocorrect the center position of the Jovian disk and derive the time series of the aurora and torus power.Several transient and solar wind induced brightenings were observed after 2016. We also found minorvolcanic enhancement around the beginning of 2018 and 2019. In this study, we will show the timeseries of the total auroral power over 900-1480 A as well as the torus emission over 650-780 A.

51



Electron densities measured at high-latitudes on Io torus field lines: Observations
from Juno Waves – H3

S. S. Elliott1, A. H. Sulaiman1, W. S. Kurth1, J. Faden1, F. Allegrini2,3, P. Valek2, J. E. P. Connerney4, R.
W. Ebert2, J. R. Szalay5, F. Bagenal6, and S. J. Bolton2
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This paper will present Jovian electron densities measured by the Juno Waves instruments at high-latitudes on magnetic field lines threading the Io torus and plasma sheet. Electron densities areobtained through identification of characteristic frequency cutoffs and resonances in plasma wavespectra. Often more than one of the characteristic frequencies of the plasma can be identified,whose consistency provides credibility to the plasma density estimate. Waves densities are alsofound to be consistent with partial electron densities measured by Juno’s Jovian Auroral DistributionsExperiment. Most of the density measurements are on magnetic field lines threading the Io torus andintersecting Jupiter’s ionosphere between Io’s M-shell and the main auroral oval, but there is evidenceof density dropouts near and poleward of the auroral oval, which may be important in auroral particleacceleration. Sharp density gradients are found near field lines mapping to the inner edge of the Iotorus M-shells. These observations demonstrate the extension of elevated Io torus densities alongfield lines to higher latitudes.
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Plasma density along magnetic field lines connected to the Io plasma torus: Diffu-
sive equilibrium models and their uncertainties – H4
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The distribution of ions and electrons along a magnetic field line determines many important aspectsof magnetosphere-ionosphere coupling. In the case of the Io plasma torus, this distribution is onlyknown, either empirically or theoretically, at low latitudes, and from initial Juno results at highlatitudes. Connecting the low and high latitude measurements is an uncertain process. Above acertain latitude, 49 degrees in the case of field lines connected to Io’s orbit, the assumptions ofexisting models break down and this can have profound effects for the density of ions at higherlatitudes. The density distribution along a magnetic field line reflects a balance between centrifugaland gravitational forces, an ambipolar magnetic field and the particles’ thermal motion. The traditionaldiffusive equilibrium model of the plasma density distribution works well at low latitudes, but there isa potential maximum at the mid-latitudes. Above this "choke point", the density distribution is poorlyunderstood. Uncertainties include the proton abundance, the equatorial hot, heavy ion temperatureanisotropy and the possible presence of a hole in phase space density above the choke point. Thesefactors produce an order of magnitude uncertainty in the high latitude electron and mass densities.We will present a description of the diffusive equilibrium model, modified to account for phase spaceholes and applicable from the Io torus to the high latitudes. We will then show the sensitivity of theresulting high-latitude densities to poorly constrained quantities, and identify observations which canconstrain these uncertainties.
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Numerical Model of the Propagation of Io-generated Alfvén waves with Jupiter’s
Magnetosphere: First Results – H5

R. L. Lysak1, Y. Song1, F. Bagenal2, F. Crary2, S. Elliott3, W. Kurth3, A. Moirano4, and A. Mura4
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Jupiter’s moon Io (as well as Europa and Ganymede) acts as the generator of a field-aligned currentsystem in the form of Alfvén waves that propagate to the ionosphere of Jupiter. The propagationof these waves is complicated by the strong inhomogeneities in the plasma density that lead toreflections from the gradients in the Io plasma torus as well as the Jovian ionosphere. This currentsystem manifests itself in the formation of aurora not only on the footpoint of the Io flux tubebut also in a tail that exhibits a great deal of structure, as observed by the JIRAM instrument onJuno. We present first results from a three-dimensional numerical full wave model of Alfvén wavepropagation in the inner magnetosphere of Jupiter. This model takes into account the inclination ofIo’s orbit with respect to both the magnetic equator and the centrifugal equator where the densityis concentrated. The density structure of this region has been determined by diffusive equilibriummodels based on observations from Voyager and Galileo with various assumptions as to the plasmacomposition, temperature and anisotropy, and can be constrained by measurements of the electrondensity measured within 2 RJ of Jupiter’s ionosphere by the Waves experiment on Juno.
Field Line Resonance Frequencies of Jovian Magnetosphere – H6

A. F. West1 and R. L. Lysak1

1 University of Minnesota, USA
Field line resonances (FLRs) form as eigenmodes of Alfven waves between conductive ionosphericboundaries along magnetic field lines. When kinetic Alfven waves develop along an FLRs, electroninertial effects can limit the width of the structure and lead to dispersive wave trains that in turn canaccelerate particles. We present a numerical calculation of FLRs using the JRM09magnetic field model(Connerney et al. 2018) and a plasma mass density model in a dipolar coordinate system modifiedto support Jupiter’s magnetic deviations. This is compared to similar calculations of Earth’s FLRs, toinvestigate the differences and commonalities of the systems. Radial (M-shell) maps of the frequencyand local wave power are shown with their Earth counterparts. This model approach provides theframework for future investigations of kinetic plasma ULF wave dynamics at Jupiter.
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Current status and future plan of the HF-UHF ground-based radio observation sys-
tems of Tohoku University for solar and extra-solar system explorations – I1

H. Misawa1, A. Kumamoto1, F. Tsuchiya1, Y. Kasaba1, H. Kita2, H. Kobayashi3, T. Terasawa3, T.
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The radio observation group of Tohoku University, Japan, has ground-based radio observation systemsin the HF-VHF and VHF-UHF bands and has tried to make observations continuously since 1970’sfor solar system bodies such as the sun and Jupiter and extra solar system bodies such as pulsars,and also has supported planetary exploration missions. As major observational results in the HF-VHF band, we have observed Jupiter’s decametric radiations (DAM) and identified the relationshipbetween solar wind variations and Jupiter’s magnetospheric activities and existence of Alfvenicresonating phenomena over Jupiter’s ionosphere, and explained radio wave generation/propagationprocesses based on precise polarization analyses. On the other hand, in the VHF-UHF band, wehave identified highly variable features of relatively low energy relativistic electrons in Jupiter’sradiation belt using their synchrotron radiation, various fine structures of solar radio bursts and theirgeneration/propagation processes, and also have explored characteristics of energy release processesof the Crab pulsar and newly identified magnetars.The antennas of our current radio observation systems are stacked log-periodic dipole antennas in theHF-VHF band and a parabolic dish with the aperture of about 1000 m2 (IPRT: Iitate Planetary RadioTelescope) in the VHF-UHF band. As near-future plans, we have examined development of a moresensitive new observation system with higher temporal and spectral resolution using an aperturearray in the HF-VHF band, and that of wider frequency range system in the VHF-UHF band so asto connect the observation frequency range from HF-UHF band continuously. In addition, we havestarted examination of the participation in international VLBI observations using IPRT with connectingto larger radio observing systems, such as µ GMRT, India, MWA and/or SKA-Low (in future), Australiato make more sensitive investigation with higher spatial resolution especially for extra-solar systembodies. We would welcome and wait for further proposals of collaborative studies by using andconnecting our current and future ground-based radio observation systems in the HF-UHF bands.
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Effects of meteoric ions on Jupiter’s ionospheric conductance – I2

Y. Nakamura1, K. Terada1, C. Tao2, N. Terada1, Y. Kasaba1, H. Kita5, A. Nakamizo2, A. Yoshikawa3,
S. Ohtani4, F. Tsuchiya1, M. Kagitani1, T. Sakanoi1, G. Murakami5, K. Yoshioka6, T. Kimura7, A.
Yamazaki5, and I. Yoshikawa6
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Ionospheric Hall and Pedersen conductivities are important parameters in determining plasma con-vection in a magnetosphere-ionosphere system. At Jupiter, meteoric ions deposited by meteoroidablation are expected to play a major role in the ionospheric conductivities [e.g., Hinson et al., 1998].This study evaluates the effects of meteoric ions on the ionospheric conductivities and on the plasmadynamics in the magnetosphere.We have developed a meteoroid ablation model and a photochemical model. In our Jovian ionospheremodel, we evaluated two cases, Case 1 without meteoric ions and Case 2 with meteoric ions. Thecontribution from meteoric ions is evident in the lower altitude (350 - 600 km) region of Case 2ionosphere, with peak electron density of 1011 [m−3], in good agreement with Kim et al. [2001]. Inthe middle latitude ionosphere of Case 2, meteoric ions modify the local time distributions of electrondensity. In Case 1, electron density below 800 [km] shows clear local time dependence. In Case 2,electron density still shows similar dependence at the altitudes of 600-800 [km] and below 350 [km],while local time dependence is not found at 350-600 [km] due to the long lifetime of meteoric ions(∼0.5 Jupiter’s day), which is consistent with Kim et al. [2001].In Case 2, the ionospheric conductivity is enhanced and its distribution becomes axisymmetric bythe contribution of meteoric ions, whereas there is clear local time dependence in Case 1. It is moreevident in the middle- and low-latitude, in which both Hall and Pedersen conductivities have theirpeak at meteoric ion layer. Their peak values are 1×10−5 [S/m] and 3×10−6 [S/m], which are 20 and6 times larger than Case 1, respectively. In the auroral region, Pedersen conductance is not largelyaffected, but the Hall conductance is 5 times larger in Case 2 than in Case 1. Although meteoric ionsdo not contribute to the ionospheric conductivities of Earth, they play a major role in Jupiter due tothe strong magnetic field and strong gravity force of Jupiter.We have calculated the azimuthal velocity of corotating plasma in the Jovian magnetosphere byusing the corotation lag model of Hill [1979]. Plasma mass loading rate of 300 [kg/s] (Kimura etal. [2018]), and the ionospheric Pedersen conductance of the two cases of ionosphere are used asinput parameters. In Case 1, corotation lag becomes significant at the distance 15-20 RJ away fromJupiter (RJ is Jupiter’s planetary radius), and peak plasma azimuthal velocity is 120 [km/s]. In Case2, corotation lag becomes significant at the distance 25-30 RJ away from Jupiter, and peak plasmaazimuthal velocity is 250 [km/s]. Previous plasma observations by the Galileo satellite showed thatplasma corotates almost rigidly within 25 RJ , and plasma azimuthal velocity becomes more than200 [km/s] in the middle magnetosphere [Frank et al., 2002]. Our results suggest that the enhancedionospheric conductance due to the existence of meteoric ions results in the more rigid corotatingmagnetosphere, which is consistent with the plasma velocity observations by the Galileo satellite.
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Jupiter’s Enigmatic Ionosphere: Re-assessment of Pioneer and Voyager Observa-
tions – I3

Michael Mendillo1, Clara Narvaez1, Luke Moore1, and Paul Withers1
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The Pioneer and Voyager missions obtained the first observations of the ionosphere at Jupiter. Usingradio occultation experiments, a total of seven electron density profiles Ne(h) were obtained: threein 1973-4 and four in 1979. These observations have solar zenith angle (SZA) between 82°- 98°, withthree at dawn and four at dusk. The two profiles from Voyager-1 portrayed only topside ionospherepatterns (h > 1500 km above the 1 bar pressure level). We use the five full Ne(h) observations tosummarize patterns and processes arising from photo-chemical-equilibrium (PCE) theory, shown bymodelling to be the domain below∼1300 km.As noted in previous studies, the Ne(h) profiles at Jupiter are highly structured and identificationof the maximum electron density (Nmax) and its height (hmax) do not follow PCE expectations fortwo distinct ionospheric layers produced by the Sun’s soft X-rays and extreme ultraviolet irradiances,respectively. Moreover, pre-dawn profiles often show a more robust ionosphere than dusk-sideprofiles, inconsistent with simple chemical decay throughout the nighttime period. For the maximumelectron density, no positive statistical correlations coefficients (CC> 0) were found between Nmaxand PCE parameters.In a new approach, we examined height-integrated plasma characteristics over two altitude spans: (1)the average electron density well within the PCE domain (h< 1000 km) and (2) total electron content,defined as Ne(h) integrated up to a height of 3500 km. Using these integrated quantities, statisticallysignificant results (CC ∼0.8) were found with solar fluxes over solar cycle time scales. To compareionospheric morphologies at 5.2 AU with well-known SZA and solar cycle patterns at 1 AU, terrestrialionosonde data confirm PCE dominance for the E- and F1-layers during the ’same day’ periods of thePioneer and Voyager observations at Jupiter.
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Ionospheric Electron Densities Inferred from Juno Plasma Wave Observations –
I4

W. S. Kurth1, A. H. Sulaiman1, S. S. Elliott1, J. B. Faden1, G. B. Hospodarsky1, J. E. P. Connerney2, F.
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Juno’s highly eccentric polar orbit takes it to perijove distances of ∼1.06 RJ on each orbit. For thefirst perijove, this occurred just north of the planetary equator, but has precessed north by abouta degree per orbit over the prime mission. Typical altitudes at perijove are about 4000 km abovethe 1-bar level, but the minimum altitudes vary through the mission. The Waves instrument on Junoobserves a number of plasma wave modes in and near the ionosphere that provide information onthe local electron number density, including electron plasma oscillations that occur at the electronplasma frequency fpe and whistler-mode hiss which has an upper frequency limit of fpe in Jupiter’sstrongly magnetized inner magnetosphere. The electron plasma frequency provides the electronnumber density by Ne = (fpe/8980)2 where frequency is in Hz and Ne is in cm−3. At times othercharacteristic frequencies of the plasma, such as the lower hybrid resonance frequency fLH and theL=0 cutoff fL=0 can be observed. Along with the electron cyclotron frequency fce given directly bythe magnetic field strength measured by the Juno Magnetometer instrument, such characteristicfrequencies provide multiple means of determining the electron number density. Where two or moreof these characteristic frequencies can be found, simultaneously, and that they give the same value for
Ne, we gain confidence in the inference. Where possible, we compare the Waves electron densitieswith ion densities measured by JADE, with assumptions about the charge state of the ions and chargeneutrality.
Observations of Jupiter’s Hydrogen Airglow by Juno-UVS – I5

D.W.Gómez1,2, G. R. Gladstone1,2, T. K. Greathouse2, V. Hue2, M. H. Versteeg2, J. A. Kammer2, R. S.
Giles2, M. W. Davis2, J.-C. Gérard3, D. Grodent3, and B. Bonfond3
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While the primary function of the Juno spacecraft’s Ultraviolet Spectrograph (UVS) during perijoves isto observe Jupiter’s auroral features, it is also capable of detecting and measuring Jupiter’s airglow.Jupiter’s airglow is caused, in part, by hydrogen emission signatures. The UV photons are emittedafter photoionized gas in Jupiter’s upper atmosphere returns to its ground state. Juno’s low altitudeperijove allows for UVS to detect Hydrogen Lyman-alpha emissions as a function of zenith angle.We search for variation in this emission, based on a variety of criteria, including spacecraft latitude,longitude, local time information, solar zenith angle, and location with respect to certain features(e.g., the "Great Blue Spot" magnetic anomaly, the magnetic equator). We will describe attempts todetect and characterize spectrally these emissions with Juno-UVS.
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Loss processes of energetic ring current ions in Jupiter’s inner and middle magne-
tosphere – I6
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Smith1, and A. Sulaiman8

1 The Johns Hopkins University Applied Physics Laboratory, Laurel, Maryland, USA
2 Southwest Research Institute, San Antonio, Texas, USA
3 Physics and Astronomy Department, University of Texas at San Antonio, Texas, USA
4 University of Colorado, Lab. for Space and Atmospheric Sci., Boulder, Colorado, USA
5 NASA Goddard Space Flight Center, Greenbelt, Maryland, USA
6 Space Research Corporation, Annapolis, Maryland, USA
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The low-altitude-accessing, polar orbit of Juno allows the Jupiter Energetic Particle Detector Instru-ment (JEDI) to view into, and resolve, the loss cone of the energetic ions that comprise the low-altitudeextension of Jupiter’s ring current populations. For a region that extends from just inside Ganymede’sorbit, to regions well beyond Ganymede’s orbit, energetic ions (> 50 keV H+, >130 keV Oxygen andSulfur ions) are strongly scattered into the loss cone at the strong scattering or ’strong diffusion limit’ atessentially all times. In analyzing the causes of this scattering, we have eliminated the hypothesis thatthe ions are scattered by the small radii of curvature of the magnetic field lines. We have concludedthat the Alfvénic magnetic turbulence documented by Saur et al. (2003) likely causes the scattering.Scattering is weak or non-existent near the orbits of the moons Europa and Io, except for the regionsjust downstream of the co-rotating plasmas. For Io, we observe moderately strong scattering withinroughly 20 degrees in azimuth from the moon’s position, and weak scattering within up to 60 degreesdownstream. The scattering near Io’s orbit is never fully at the level of the strong diffusion limit. Sig-nificantly, scattering is weak or non-existent just upstream of Io’s position, a finding that discriminatesagainst a role for neutral gas pickup, and the associated generation of electromagnetic ion cyclotronwaves, as the immediate cause for the scattering. A very preliminary accounting of the total scatteringlosses near Io’s orbit yields loss rates no larger than several percent of the strong diffusion limit. Giventhe new role that Smith et al. (2019) has assigned to cool (< 100 eV) plasmas as the agents for chargeexchange with energetic ions, charge exchange losses of energetic ions in the vicinity of Io may be anorder of magnitude larger than traditionally calculated. We conclude that charge exchange losses areat least competitive with scattering losses for energetic ions near Io’s orbit.

ReferencesSaur, J., Pouquet, A., and Matthaeus, W. H. (2003), An acceleration mechanism for the generation ofthe main auroral oval on Jupiter, Geophys. Res. Lett., 30, 1260, doi:10.1029/2002GL015761, 5Smith, H. T., D. G. Mitchell, R. E. Johnson, B. H. Mauk, and J. E. Smith (2019), Europa neutral torusconfirmation and characterization based on observations and modeling, The Astrophysical Journal,871:69, doi:10.3847/1538-4357/aaed38.
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from Juno, Nançay and HST observatories – J1
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The prominent component of Jovian decametric (auroral) emissions is induced by Io. Io decametricemissions (Io-DAM) have thus been monitored on a regular basis by Earth- or Space-based radioobservatories for several decades. They display a typical arc-shaped structure in the time-frequencyplane which results from the motion of the Io flux tube relative to the observer convolved with theanisotropic radio emission cone. Remote determination of the Io-DAM beaming pattern was used tocheck the emission conditions at the source (e.g. Queinnec & Zarka, 1998). It has been done at severaloccasions using various models of magnetic field/lead angles which introduce significant uncertainties.Nevertheless, Io-DAM arcs were shown to be consistent with oblique emissions triggered by theCyclotron maser Instability from loss-cone electron distributions of a few keVs (Hess et al., 2008). TheCMI validity for Jovian DAM and the prominence of loss cone electron distributions has been laterconfirmed by Juno in situ measurements (e.g. Louarn et al, 2017). In this study, we took advantageof simultaneous radio/UV or bi-point stereoscopic radio measurements provided by Juno/Waves,the Nançay Decameter Array and the Hubble Space Telescope to unambiguously derive the beamingpattern of several Io-DAM arcs and compare it with theoretical expectations. We then assess theenergy of CMI-unstable auroral electrons at the source and discuss our results at the light of similarindependent studies reaching different conclusions.
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Numerical Investigation of Double Layer Stability in the Jovian Magnetosphere –
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At Earth, quasi-static potentials are onemechanism responsible for magnetic field-aligned accelerationof charged particles. These potential structures are often referred to as a double layer, owing to theseparation of opposingly charged particles into "layers". Particles accelerated by these potentialscan precipitate into the atmosphere, and can generate aurora when interacting with atmosphericconstituents. Precipitating particle distributions can be characterised by an inverted-V structure. Suchpotential structures are well studied and have been observed by multiple spacecraft in the terrestrialmagnetosphere. While theorised as one of the mechanisms for the generation of the UV aurora atJupiter, few detections of field-aligned potential structures have been made by the JEDI instrumentonboard the Juno spacecraft. However, Juno has observed the presence of bi-directional electronbeams occurring on the same field line, indicating the occurrence of dynamic processes at varyingaltitudes.In this work, we present results from a 1-D spatial, 2-D velocity-space, time-dependent Vlasov model ofhigh-latitude magnetic field lines, extending to Jupiter’s middle magnetosphere. Through the use of anon-uniform mesh, we can more finely resolve the region close to the ionosphere, where quasi-staticpotential structures may be expected to form. We investigate the stability of double layers extendingfrom the ionosphere, as a function of an imposed ionospheric potential. Our simulations show thatbi-directional electron beams can arise from the collapse of double layers close to the ionosphere,in-line with Juno’s observations. We will also compare the simulation results to predictions on thetheoretical stability of such double layers.
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Developing a community code of Jupiter’s current sheet magnetic field – J3
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We report on recent efforts to provide the MOP community with code that will calculate the magneticfield in Jupiter’s magnetosphere using the "CAN" current sheet model updated for the Juno era(Connerney et al., 2020) and the JRM09 internal field (Connerney et al., 2018). Models of themagneticfield in Jupiter’s magnetosphere are important tools for planning observations and interpretingdata. One of the most commonly used models for Jupiter’s current sheet field is the CAN model(Connerney et al., 1981), which represents the current sheet as an annular disk of current withadjustable parameters such as the disk inner and outer edge, thickness, and current density, andwas recently updated to fit Juno magnetic field data. The updates include the addition of a radialcurrent, which produces an azimuthal field, and new best fit parameters. Codes implementing theoriginal CAN model and several others have been independently developed in several languages (IDL,FORTRAN, MATLAB, Python, etc.) by many people in the community but, confusingly, may not produceidentical outputs because of different assumptions or approaches. With the new additions to the CANcurrent sheet model now is an opportune time to develop a community-wide "CAN2020" currentsheet model code that can be combined with similar code for the internal field model (JRM09) togive the full modeled magnetic field in Jupiter’s magnetosphere. We have developed such a code inthe IDL programming language and are in the process of final testing and translating into Python andMATLAB. We will give a status update on our work and discuss lessons learned so far.
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Spatial variations in the CH4 homopause altitude at Jupiter’s mid-to-high latitudes
– J4

J. A. Sinclair1, T. K. Greathouse2, R. S. Giles2, A. Antuñano3, T. Fouchet4, B. Bézard4, J. I. Moses5,
G. Clark6, Chihiro Tao7, D. Grodent8, B. Bonfond8, V. Hue2, G. S. Orton1, L. N. Fletcher9, and P. G. J.
Irwin10

1 Jet Propulsion Laboratory/California Institute of Technology
2 Southwest Research Institute, San Antonio
3 Departamento de Física Aplicada, Escuela de Ingeniería de Bilbao
4 Observatoire de Paris
5 Space Science Institute
6 Johns Hopkins Applied Physics Laboratory
7 National Institute of Information and Communications Technology
8 Université de Liège, STAR Institute, Belgium
9 University of Leicester
10 University of Oxford
The polar atmosphere of Jupiter is strongly influenced by the external magnetosphere and interplane-tary environment. Previous studies have inferred that the CH4 homopause, which denotes the levelwhere eddy and molecular diffusion coefficients are equal, is higher in altitude inside Jupiter’s mainauroral ovals compared to elsewhere on the planet (e.g. Parkinson et al., 2006, JGRE 111, Gustinet al., 2016, 268, Clark et al., 2018, JGRA 123). The exact altitude of the CH4 homopause is poorlyconstrained at Jupiter’s high latitudes and is currently a large source of uncertainty in the analysesof Jupiter’s ultraviolet auroral emissions, which are being measured regularly by Juno, Hisaki andHubble. We present an analysis of IRTF-TEXES (Texas Echelon Cross Echelle Spectrograph, Lacy et al.,2002 PASP 114) spectra of Jupiter’s mid-to-high latitudes in order to constrain the CH4 homopausealtitude and its spatial variation. The spectral emission features of H2 S(1), CH3 and CH4 emission weremeasured on April 16th and August 20th 2019. The spectra were inverted using a family of atmo-spheric models with varying CH4 homopause altitudes, and the goodness-of-fit to the observationswas used to discriminate between models. At latitudes equatorward of Jupiter’s main auroral ovals(>62◦S,<54◦N, planetocentric), the observations were adequately fit assuming a CH4 homopausealtitude lower than 360 km above 1 bar. At 62◦N, using a mean of observations measured within themain oval, we derived a CH4 homopause altitude of 461+147

−39 km. At the same latitude, but samplinglongitudes outside the main oval, we derive a homopause altitude of 331 km, with a 1-σ upper limitof 370 km. Thus, we confirm the CH4 homopause altitude is 70 - 130 km higher in Jupiter’s auroralregions compared to elsewhere on the planet. This would suggest the deposition of energy fromthe magnetosphere ultimately drives vertical winds and/or turbulence, which transports CH4 andits photochemical byproducts to higher altitudes. We found no evidence of statistically-significantspatial or temporal variability of the homopause altitude within the main oval however this maybe a sampling artefact. We will also present preliminary analyses of IRTF-TEXES observations to bemeasured on June 28-29 and compare with previous TEXES measurements in order to search fortemporal variability.
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Survey of Juno Observations in Jupiter’s Plasma Disk: Density – J5

E. Huscher1, F. Bagenal1, R.J. Wilson1, F. Allegrini2,3, R. W. Ebert2,3, P.W. Valek2, J.R. Szalay4, D.J.
McComas4, J.E.P. Connerney5,6, S. Bolton2, and S.M. Levin7

1 Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder CO
2 Southwest Research Institute, San Antonio, TX
3 Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, TX
4 Department of Astrophysical Sciences, Princeton University, Princeton, NJ
5 Space Research Corporation, Annapolis, MD
6 Goddard Space Flight Center, Greenbelt, MD
7 Jet Propulsion Laboratory/California Institute of Technology, Pasadena, CA
We explore the variation in plasma conditions through the middle magnetosphere of Jupiter withlatitude and radial distance using Juno-JADE measurements of plasma density (electrons, protons,sulfur and oxygen ions) surveyed on orbits 5 to 26 between March 2017 and April 2020. On mostorbits the densities exhibit regular behavior, mapping out a disk between 10-50 RJ (jovian radii). Inthe disk the heavy ions are confined close to the centrifugal equator which oscillates relative to thespacecraft due to the 10° tilt of Jupiter’s magnetic dipole. Exploring each crossing of the plasma diskshows there are some occasions where the density profiles are smooth and well-defined. At othertimes, small-scale structures suggest temporal and/or spatial variabilities. There are some exceptionalorbits where the outer regions (30-50 RJ) of the plasma disk show uniform depletion, perhaps due toenhanced ejection of plasmoids down the magnetotail, possibly triggered by solar wind compressionevents.
The structure of Jupiter’s dawnside magnetodisc – J6

Schok, A.1, P. A. Delamere1, P. A. Damiano1, B. Neupane1, K. Sorathia2, S. Wing2, and J. R. Johnson3

1 University of Alaska Fairbanks
2 JHU/APL
3 Andrews University
The Juno spacecraft has provided an unprecedented view of Jupiter’s dawn to midnight outer magne-tosphere. The long spacecraft dwell time in the outer magnetosphere provides continuous samplingof the magnetic field that covers many days in the equatorial region (e.g., +/- 10 deg latitude). Asa result, periodicities at multiple time scales can be investigated. Here we focus on three windows:10-60 minutes, 1-10 hours, and 1-5 days. The first window is most likely to reveal eigenoscillations ofthe magnetodisc resonant cavity. The second window is tailored for the planetary rotation period, butit is possible that other, e.g., solar wind drivers can also modulate activity in this window. Finally, themultiple day time scale could reveal magnetotail periodicities, e.g., mass loss processes. We explorethe Juno magnetometer data in the midnight to dawn sector to characterize the structure and/ortemporal variability of Jupiter’s outer magnetosphere. Turbulent heating rate densities will be usedto identify active vs. quiet magnetic field conditions to determine the occurrence frequency andlatitudinal distribution of disturbed magnetic field conditions following Neupane et al., [2021]. Wewill compare Juno observations with results from the GAMERA global simulation.
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Latitudinal beamingof Jupiter’s radio emissions from Juno/Wavesfluxdensitymea-
surements – K1

P. Zarka1, C. K. Louis1,2,3, K. Dabidin1, P.-A. Lampson1, F. P.Magalhaes1, A. Boudouma1,M. S.Marques4,
and B. Cecconi1

1 LESIA, Observatoire de Paris, PSL, CNRS, Meudon, France
2 School of Cosmic Physics, DIAS Dunsink Observatory, Dublin, Ireland
3 Institut de Recherche en Astrophysique et Planétologie (IRAP), CNRS, CNES, University of Toulouse,France
4 Departamento de Geofisica, Universidade Federal do Rio Grande do Norte, Brazil
The observations from the Juno spacecraft in polar orbit of Jupiter provide for the first time a completeview of Jupiter’s radio emissions from all latitudes. Characterizing the latitudinal distribution of radioemissions’ occurrence and intensity is a useful step for elucidating their origin. Here we analyze forthat purpose the first 3 years of observations from the Waves experiment on the Juno spacecraft(mid-2016 to mid-2019). Two prerequisites for the construction of the latitudinal distribution ofintensities for each Jovian radio component are (i) to work with absolute flux densities, and (ii) to beable to associate each radio measurement with a specific radio component. Accordingly, we develop amethod to convert the Juno/Waves data in flux densities and then we build a catalog of all Jovian radiocomponents over the first 3 years of Juno’s orbital mission. From these, we derive occurrence andintensity distributions versus observer’s latitude and frequency for each component; these will be thebasis for future detailed studies and interpretations of each component’s characteristics and origin.First interpretations are proposed for the components produced at the local plasma frequency.
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Jupiter’s auroral radio emissions observed by Cassini: rotational versus solar wind
control and components identification – K2

P. Zarka1,2, F. P. Magalhaes1, M. S. Marques3, C. K. Louis1,4,5, E. Echer5, L. Lamy1,2,6, B. Cecconi1,2 ,
and R. Prangé1

1 LESIA, Observatoire de Paris, CNRS, PSL, SU, UP, SPC, Meudon, France
2 Station de Radioastronomie de Nançay, USN, Observatoire de Paris, CNRS, PSL, Univ. d’Orleans,Nançay, France
3 Universidade Federal do Rio Grande do Norte - UFRN, Brazil
4 IRAP, Universite de Toulouse, CNRS, CNES, UPS, Toulouse, France
5 School of Cosmic Physics, DIAS Dunsink Observatory, Dublin, Ireland
6 Instituto Nacional de Pesquisas Espaciais - INPE, Sao Jose dos Campos, Brazil
Reanalyzing Cassini radio observations performed during the distant flyby of Jupiter in 2000-2001, westudy the internal (rotational) control versus external (solar wind) control of Jupiter’s radio emissions,from kilometer to decameter wavelengths, and the relations between auroral radio components.For that purpose, we build a database of the occurrence of Jovian auroral (satellite-independent) radiocomponents bKOM, HOM and DAM observed by Cassini, and from there we build synthetic frequency-versus-longitude stacked plots (or maps) of the polarized intensity of these radio components, thatprovide ‘signatures’ of each radio component.Comparing the stacked plots obtained (i) along the two legs – inbound and outbound – of the Cassini-Jupiter flyby, and (ii) as a function of the spacecraft longitude or the Sun’s longitude, we find thatall auroral sources are controlled internally and externally, HOM & DAM being dominantly rotation-modulated (i.e. emitted from searchlight-like sources, fixed in Jovian longitude), whereas bKOM isdominantly solar wind modulated (i.e. emitted from strobe-like sources, fixed in Jovian Local Time).We propose a simple model of internal versus external control of radio components, and determineranges for its main parameters (the amplitude of each control) for HOM & DAM and for bKOM.Comparing the inbound Cassini polarized stacked plots with similar plots built from the 29-years longdatabase of Jupiter radio emissions observed by the Nançay Decameter Array (Marques et al. 2017),we find that HOM consists primarily of the low-frequency end of decameter emissions originatingfrom the dusk – more active – sector of the Jovian magnetosphere (so-called non-Io-A and non-Io-CDAM), and is also related to the so-called lesser arcs identified in Voyager radio measurements, forwhich there is no interpretation to date.bKOM consists of a main part above ∼40 kHz in antiphase with HOM occurrence, and detachedpatches below∼80 kHz (especially intense in the south) in phase with HOM occurrence.
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Magnetosphere-ionosphere coupling at Jupiter: Comparison of results from Juno
Perijoves 1,3, and 6 with expectations from a steady-state axisymmetric physical
model – K3

G. Provan1, E. J. Bunce1, S. W. H. Cowley1, A. Kamran1, and J. D. Nichols1

1 School of Physics and Astronomy, University of Leicester, Leicester LE1 7RH, UK
We study magnetosphere-ionosphere coupling at Jupiter by comparing magnetic field observationsfrom Juno perijoves 1,3 and 6 with modelled predictions from an axisymmetric physical model ofmagnetosphere-ionosphere coupling developed at the University of Leicester. This model predictsbroadly distributed downward field-aligned current over polar regions mapping to the tail and outermagnetosphere, closed principally through a radial current mapping to the middle magnetosphere.Here we use Ampère’s law to calculate the magnitude of the field-aligned coupling currents from theobserved azimuthal magnetic field and compare our observations with expectations from the model.The Leicester model closely predicts the magnitude of the residual Bφ component observed acrossthe middle magnetosphere region, the outer magnetosphere and the tail. However, we highlighttwo areas of discrepancy between the model and the data. On field lines mapping to the outermagnetosphere region, we observe an anti-correlation between the observed and the modelled Bφcomponent, such that when the observed Bφ increases with time the modelled Bφ decreases withtime, and vice versa. We also observe a downward current, not the modelled upward current, atthe boundary between the outer magnetosphere and field lines mapping to the tail. Currently themodel includes a constant ionospheric conductivity. We suggest that the model can be improved byincluding a variable ionospheric conductivity.
Auroral stratospheric jets in Jupiter – K4

B. Benmahi1, T. Cavalié1,2, V. Hue3, R. Moreno2, E. Lellouch2, T. Fouchet2, P. Hartogh4, L. Rezac4, T.
Greathouse3, R. Gladstone3, J. Sinclair5, M. Dobrijevic1, F. Billebaud1, and C. Jarchow4

1 Laboratoire d’Astrophysique de Bordeaux, Univ. Bordeaux, CNRS, B18N, allée Geoffroy Saint-Hilaire,33615 Pessac, France
2 LESIA, Observatoire de Paris, Université PSL, CNRS, SorbonneUniversité, Univ. Paris Diderot, SorbonneParis Cité, 5 place Jules Janssen, 92195 Meudon, France
3 Southwest Research Institute, San Antonio, TX 78228, USA
4 Max Planck Institüt für Sonnensystemforschung, Justus-von-Liebig-Weg 3, 37077 Göttingen, Germany
5 Jet Propulsion Laboratory, California Institute of Technology, CA 91109 Pasadena, USA
The wind structure at the cloud-top of Jupiter’s atmosphere consists of zonal superimposed eastwardand westward winds with velocity peaks of up to 150 m/s around the equator. In the stratosphere,direct observations of the dynamics in the visible range, are not possible because there are no tracerssuch as clouds. With the ALMA interferometer wemapped Jupiter’s stratospheric emission in HCN(4-3)at very high spectral and spatial resolutions. These observations allow us to retrieve the stratosphericwinds from the Doppler shifts observed on the spectral lines. We detect zonal winds of up to 200 m/saround the equator, and non-zonal winds with speeds of 300-400 m/s in the polar regions below theauroral ovals. In the region of the South Polar Zone, we find that these non-zonal winds, form a vortexthat seems to be lying under the southern auroral main oval. This stratospheric auroral vortex may bethe lower extension of supersonic jets seen in the ionosphere.
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Teaching Planetary Magnetospheres and Aurorae – K5

D. Grodent1, B. Bonfond1, and B. Palmaerts1

1 Université de Liège, Belgium
Likemany other specialised scientific fields that are taught to universitymaster level students, planetarymagnetospheres and aurorae may be a challenge as the field is missing a choice of text books thatmay be used as an accessible single reference. Accordingly, to build a complete course, teachers mustoften gather information from multiple sources, which are not always compatible in terms of format,level, background or purpose. As a result, the resulting assembly of parts may sometimes sound a bitrambling.Fortunately, several of us were able to contribute to seminars or to series of seminars on the subject,that were recorded and made available to the public. These media are an important source ofinspiration and may be directly used as part of a course. In addition, during these "covid years", someof us may have recorded their lectures and may be happy to share their experience and material.Another complication, probably specific to the field of magnetospheres and aurorae, is the difficultyto find appropriate material for the practicum. In that regard, the Planeterrella experiment is afantastic tool, sufficiently flexible to illustrate various parts of the course and to provide students witha hands-on experience in this complex field. Again, benefiting from each other’s experience would beextremely useful.It is suggested that an Education and Public Outreach (EPO) platform is set up in a way that wouldallow MOP participants (and others) involved in teaching planetary and magnetosphere sciences orregularly communicating on this subject with a wider audience, to share their experience and/ormaterial.
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Research In Schools Projects for the Outer Planets – K6

W. Dunn1

1 UCL/MSSL
We have been partnering with schools to involve students in MOP research.In the UK, physics faces chronic diversity issues (e.g. only 20% of those studying physics beyond age16 are girls), damaging shortfalls in subject-specialist teachers and 20% lower uptake beyond age 16than in the 1980s. The ORBYTS programme is a movement that partners researchers with schools forlong-term engagements that involve school students in active scientific research. Since 2017, ORBYTShas grown to 30 school-researcher partnerships, with 75% of ORBYTS school pupils being from groupshistorically-excluded from physics. While the first research projects were exoplanets focused, we nowhave researchers working with schools on: protostellar formation, molecular spectroscopy, planetaryscience, plasma physics, galaxy characterisation, AI, quasars, supernovae and more. Of particularnote for the MOP community are the projects relating to terrestrial space physics and jovian aurorae,which 100+ school students have now taken part in.Through the combination of involvement in research and partnerships with relatable science rolemodels, ORBYTS is providing positive change in school students’ attainment and is dispelling harmfulscience stereotypes. For example, schools involved in the programme at age 14-16 report 100%increases in post-16 uptake of physics by girls and by students from low income backgrounds. Since2017, the programme has enabled more than 150 school students (the majority from historicallyexcluded groups) to author published papers.While my presentation in the Jupiter session will focus on the research aspect, this presentation willfocus on the practicality of developing space physics research projects for school students. I’ll walkthrough best practice development of research in schools projects in general, through my experiencesoverseeing and coordinating the delivery of 100+ of these projects over 4 years. I’ll then move on to adetailed look at the development of the Jupiter’s aurora school research projects (and, with sufficienttime, the terrestrial magnetosphere projects) we have been running and how they have evolvedthrough 3 years of school cohorts and iterations. These studies themselves led school students tocontribute to JGR publications (e.g. Wibisono et al. 2020). Finally, I will talk about the diverse rangeof benefits that I think my involvement in these projects over 4 years has given me personally asa researcher. I will discuss how it has dramatically improved my proposal writing skills and physicsteaching, while symbiotically offering a multitude of new insights into my research that have led tonew research ideas beyond the school project itself.
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Decametric emission induced by interactions between the Galileanmoons and the
Jovian magnetosphere: in-situ measurements by Juno – L1

C. K. Louis1,2, P. Louarn2, F. Allegrini3,4, W. S. Kurth5, J. R. Szalay6, C. Jackman1, S. Kotsiaros7,8, M.
Blanc2, Y. Wang2,9, J. E. P. Connerney8,10, Y. Martos8,11, and D. Gershman8

1 School of Cosmic Physics, Dunsink Observatory, Dublin Institute of Advanced Studies, Dublin, Ireland
2 Institut de recherche en Astrophysique et Planétologie, Université de Toulouse, CNRS, CNES, UPS,Toulouse, France
3 Southwest Research Institute, San Antonio, TX, USA
4 Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, TX, USA
5 Department of Physics and Astronomy, University of Iowa, Iowa City, IA, USA
6 Department of Astrophysical Sciences, Princeton University, Princeton, NJ, USA
7 DTU Space, Technical University of Denmark, Kgs. Lyngby, Denmark
8 NASA, Goddard Space Flight Center, Greenbelt, MD, USA
9 State Key Laboratory of SpaceWeather, National Space Science Center, Chinese Academy of Sciences,Beijing, China
10 Space Research Corporation, Annapolis, MD, USA
11 Department of Astronomy, University of Maryland, College Park, MD, USA
At Jupiter, part of the auroral radio emissions are controlled by the Galilean moons Io, Europa andGanymede. Until now, they have been remotely detected, using ground-based radio-telescopes, orelectric antenna aboard spacecraft. The polar trajectory of the Juno orbiter allows the spacecraftto cross the magnetic flux tube connected to these moons, or their tail, and gives direct in-situmeasurements of the characteristics of these decametric moon-induced radio emissions (such as theelectron population, size of the source, and beaming angle and growth rate of the emission). In thisstudy, we focus on a few typical examples of the Io, Europa and Ganymede (Louis et al., 2020) fluxtube crossings. The study of Juno/JADE-E (particle) and Juno/Waves (radio) data leads to an estimationof the source size, the electron population energy and the emission beaming angle. The additionaluse of Juno/MAG data brings us new constraints on the generation process (the Cyclotron Maserinstability).
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Asymmetrical steady statemodel of Jupiter’smagnetosphere-ionosphere coupling
– L2

I. A. Pensionerov1, E. S. Belenkaya1, I. I. Alexeev1, and S. W. H. Cowley2

1 Federal State Budget Educational Institution of Higher Education M. V. Lomonosov Moscow StateUniversity, Skobeltsyn Institute of Nuclear Physics (SINP MSU)
2 School of Physics and Astronomy, University of Leicester, Leicester, UK
A steady state axially asymmetrical model of Jupiter’s magnetosphere-ionosphere coupling is pre-sented. We compare the radial magnetodisc currents in different local time sectors calculated usingthis model with those determined directly from magnetic field observations. We find that the ob-served radial currents require an average plasma mass transport rate of∼2000 kg s−1, while modelsemploying the usually assumed value of 1000 kg s−1 underestimate the observed currents. We alsoconsider the effect of field-aligned currents associated with the nightside partial ring current, andfind that their inclusion in the model reduces the discrepancy between the model and the observedmagnetodisc radial currents at radial distances beyond 40 Jupiter radii.
Azimuthal field signatures associatedwithmagnetosphere-ionosphere coupling in
the Jovian magnetosphere: Comparison between Juno observations and theoreti-
cal modelling – L3

A. Kamran1, E. J. Bunce1, S. W. H. Cowley1, J. D. Nichols1, and G. Provan1

1 University of Leicester, United Kingdom
We present a comparison of magnetic field data collected by the NASA Juno spacecraft, with themagnetosphere-ionosphere (MI) coupling model for the Jovian system developed by the Universityof Leicester. We study the magnetic field of Jupiter, in the Northern Hemisphere, for Perijoves 1-13.By virtue of the offset of the magnetic field to the rotation axis and the subsequent ’wobble’ ofthe Juno trajectory in magnetic coordinates, these northern hemisphere portions of PJs 1-13 see thespacecraft traversing magnetic field lines connecting to the inner, middle, outer and tail regions ofthe magnetosphere. As such, even away from the close Perijove period, the observations containevidence of the expected magnetic field perturbations linked to field-aligned currents associatedwith this fundamental MI coupling. In this study, therefore, we focus on investigating the nature ofthe field-aligned current signatures evident in the residual azimuthal field (having subtracted theConnerney et al 2018 JRM09 internal magnetic field model) along the magnetic field lines outsideof the close periapsides. We map the residual azimuthal field signatures into the ionosphere, andcalculate the corresponding ionospheric Pedersen current on an orbit by orbit basis. We comparethe magnitude and distribution of these field-aligned current signatures to those expected fromthe Leicester model, and consider the observed orbit-by-orbit variation as a function of ionosphericcolatitude and longitude. We deduce estimates for the field-aligned current densities on auroralfield lines for each observation using the Pedersen currents and their distribution in co-latitude, andcompare to the previous work of Kotsiaros et al [2019]. We discuss possible reasons for the variationswe see, and present the next steps of our broader analysis.
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Jovian Magnetospheric Modelling using JERICHO: a Kinetic-Ion, Fluid-Electron Hy-
brid Plasma Model – L4

J. A. Wiggs1 and C. S. Arridge1

1 Lancaster University, UK
Plasma in the Jovianmagnetosphere is removed from Io’s torusmainly via ejection as energetic neutralsand by bulk transport into sink regions in the outer magnetosphere. The physical process generallyconsidered to be responsible for bulk transport is the centrifugal-interchange instability, analogousto the Rayleigh-Taylor instability, but with centrifugal force replacing gravity. This mechanism allowsmagnetic flux tubes containing hot, tenuous plasma to exchange places with tubes containing cool,dense plasma, moving material from the inner to outer magnetosphere whilst returning magneticflux to the planet. In order to examine the transport we have developed a full hybrid kinetic-ion,fluid-electron plasma model in 2.5-dimensions, JERICHO. The technique of hybrid modelling allows forprobing of plasma motions down to the ion-inertial length scale, considering constituent ion specieskinetically as charged particles and forming the electrons into a single magnetised fluid continuum,allowing for insights into particle motions on spatial scales below the size of the magnetic flux tubes.Additionally, JERICHO provides a computational framework capable of capturing a wide range of flowdynamics, up to spatial scales on the order of planetary radii. Results from this model will allow for theexamination of bulk transport on spatial scales not currently accessible with state-of-the-art models,improving understanding of mechanisms responsible for moving particles between flux tubes andfrom the inner to the outer magnetosphere. In this presentation we will examine the latest simulationresults from JERICHO, initialised with Jovian parameters.
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Magnetosphere-Ionosphere-Thermosphere Coupling study at Jupiter Basedon Juno
First 30 Orbits and Modelling Tools – L5

Sariah Al Saati1, Noé Clément1, Michel Blanc1, YuxianWang2, Nicolas André1, Corentin Louis3, Lau-
rent Lamy4,5, Pierre-Louis Blelly1, Philippe Louarn1, Aurelie Marchaudon1, Jean-Claude Gérard6,
Bertrand Bonfond6, Denis Grodent6, Bianca Maria Dinelli7, Alberto Adriani8, Alessandro Mura8,
BarryMauk9, George Clark9, FrederickAllegrini10, Scott Bolton10, RandyGladstone10, Jack Connerney11,
Stavros Kotsiaros12, William Kurth13, and Chihiro Tao14

1 IRAP, Toulouse, France
2 State Key Laboratory for Space Weather, NSSC, CAS, China
3 Dublin Institute for Advanced Studies, Dublin, Ireland
4 LESIA, Observatoire de Paris, France
5 LAM, Marseille
6 University of Liège, Belgium
7 ISAC-CNR, Roma, Italy
8 INAF, Frascati, Italy
9 JHU-APL, Laurel, MD, USA
10 SwRI, San Antonio, TX, USA
11 NASA-Goddard Space Flight Center, Greenbelt, MD, USA
12 Technical University of Denmark
13 University of Iowa, USA
14 Department of Geophysics, Tohoku University, Sendai, Japan
The dynamics of the Jovian magnetosphere is controlled by the complex interplay of the planet’s fastrotation, its solar-wind interaction and its main plasma source at the Io torus. At the ionosphericlevel, these MIT coupling processes can be characterized by a set of key parameters which includeionospheric conductances, currents and electric fields, exchanges of particles along field lines andauroral emissions. Knowledge of these key parameters in turn makes it possible to estimate the netdeposition/extraction of momentum and energy into/out of the Jovian upper atmosphere. In this talkwe will extend to the first thirty Juno science orbits the method described in Wang et al. (JGR 2021,in revision) which combines Juno multi-instrument data (MAG, JADE, JEDI, UVS, JIRAM and WAVES),adequate modelling tools and data bases to retrieve these key parameters along the Juno magneticfootprint and across the north and south auroral ovals. We will present preliminary distributions ofconductances, electric currents and electric fields obtained from these orbits and will compare themwith model predictions.
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Posters - Day 3

Comparing Jupiter’s equatorial X-ray emissions with solar X-ray flux over 19 years
of the Chandra mission – M1

S. McEntee1,2, C.M. Jackman1, D. Weigt3, V. Kashyap4, R. Kraft4, W. Dunn5, and G. Branduardi-
Raymont5

1 Dublin Institute for Advanced Studies, Ireland
2 Trinity College Dublin, Ireland
3 University of Southampton, UK
4 Harvard & Smithsonian Center for Astrophysics, USA
5 Mullard Space Science Laboratory, University College London, UK
We present a statistical study of the X-ray emissions emanating from Jupiter’s disk region using 19 yearsof observations from the Chandra X-Ray Observatory (CXO). Previous work has suggested that theseemissions are consistent with solar X-rays elastically scattered from the planet’s upper atmosphere,and that the Jovian disk emission is governed by solar activity. We showcase a new Pulse Invariant(PI) filtering method which was found to minimise the background and ensures consistency acrossthe nearly-two-decade span of the observations, accounting for Chandra instrument degradationover this period of time. This filtering method ensures that any trends in photon counts have a realphysical origin as opposed to an instrumental effect. We compare the CXO results with data from theGOES X-ray Sensor (XRS) in order to quantify the connection between the solar activity cycle and thecount rates observed from Jupiter’s disk. The high spatial resolution of the High Resolution CameraInstrument (HRC-I) on board the CXO also allows us to map the disk photons to their specific positionson Jupiter’s surface. As a result, Voronoi tessellation diagrams were constructed to identify any spatialpreference of equatorial photons, with a particular investigation into the region associated with theGreat Blue Spot (GBS), a magnetic anomaly near the planet’s equator. We also provide superposedepoch analysis on the CXO lightcurves to identify rare events, such as solar flares reaching Jupiter.
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Jupiter’s X-ray aurora during UV dawn storms and injections as observed by XMM-
Newton, Hubble, and Hisaki – M2

A.D.Wibisono1,2, G. Branduardi-Raymont1,2,W. R.Dunn1,2, T. Kimura3,4, A. J. Coates1,2, D. Grodent5,
Z. H. Yao6, H. Kita7, P. Rodriguez8, G. R. Gladstone9, B. Bonfond5, and R. P. Haythornthwaite1,2

1 Mullard Space Science Laboratory, Department of Space& Climate Physics, University College London,Holmbury St. Mary, Dorking, Surrey, UK
2 The Centre for Planetary Science at UCL/Birkbeck, Gower Street, London, UK
3 Frontier Research Institute for Interdisciplinary Sciences Tohoku University, Japan
4 Now at Department of Physics, Faculty of Science, Tokyo University of Science, Japan
5 Laboratoire de Physique Atmosphérique et Planétaire, Université de Liège, Liège, Belgium
6 Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese Academyof Sciences, Beijing, China
7 Department of Information and Communication Engineering, Tohoku Institute of Technology, Japan
8 European Space Astronomy Centre, Madrid, Spain
9 Southwest Research Institute, San Antonio, Texas, USA
Many planets in our Solar System produce auroral emissions, but none are as large or as powerful asJupiter’s. The morphology of the gas giant planet’s aurora consists of the bright main UV emissionthat is produced by atmospheric hydrogen atoms and molecules after they are excited by precipitatingelectrons. The same population of energetic electrons are also responsible for the hard X-ray (energy> 2 keV) emissions that are found along this main emission (Branduardi-Raymont et al., 2008). DiffuseUV and soft X-ray (energy < 2 keV) auroral emissions are located at higher latitudes. The low energyX-ray aurora arise from high charge state ions charge exchanging with native neutrals and often pulsequasi-periodically with periods of tens of minutes (Gladstone et al., 2002; Jackman et al., 2018; Dunnet al., 2016; Weigt et al., 2020; Wibisono et al., 2020).Dawn storms appear in the UV aurora as brightenings in the dawn sector main emission that tend tolast no longer than one Jupiter rotation. They may be accompanied by enhancements in the dusksector found in between the main emission and Io footprint which are known as injection events.Previous studies show that magnetic reconnection in Jupiter’s middle magnetosphere results in thedawn storms, while the injection events are a consequence of hot magnetospheric plasma beinginjected from themiddle to the innermagnetosphere (Mauk et al., 2002; Dumont et al., 2018; Haggertyet al., 2019; Yao et al., 2020). Bonfond et al., 2021 demonstrate how dawn storms at Jupiter andsubstorms at the Earth share similar characteristics.Here, we report our results from a multiwavelength observation of Jupiter’s northern aurora usingdata from the Hubble Space Telescope, Hisaki satellite and XMM-Newton to determine how the X-rayaurora responds to the processes that produce dawn storms and injection events. We found that thehard X-ray and UV aurorae brightened when dawn storms were present leading us to the conclusionthat more electrons precipitated into Jupiter’s atmosphere, or that those that did precipitate weremore energetic when compared to times when the aurora did not have these transient features. Thesoft X-ray aurora did not follow this behaviour indicating that there is an independency betweenion and electron precipitation. We also found that the dawn storms did not ’switch on’ the quasi-periodic pulsations of the ion emissions. Spectral analysis of the X-ray aurora agreed with previousobservational and theoretical work that the precipitating ions that produced the soft X-ray aurorathroughout the observation period were predominantly from the local environment rather than thesolar wind (e.g. Cravens et al., 1995; Dunn et al., 2016; Houston et al., 2020). However, spectraextracted while dawn storms and injection events were present had enhanced bremsstrahlung tails,
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suggesting that there was a second population of electrons precipitating into Jupiter’s atmosphere atthese times.
Quasi-Periodic Variation of Jupiter’s Aurora Observed by Hisaki Compared with
Magnetospheric Dynamics – M3

C. Tao1, T. Kimura2, E. A. Kronberg3, F. Tsuchiya4, G. Murakami5, A. Yamazaki5, M. F. Vogt6, B.
Bonfond7, K. Yosihoka8, I. Yoshikawa8, Y. Kasaba4, H. Kita9, and S. Okamoto10
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Quasi-periodic variations of a few to several days are observed in the energetic plasma and magneticdipolarization in Jupiter’s magnetosphere. Variation in the plasma mass flux related to Io’s volcanicactivity is proposed as a candidate for the variety of the period. Using a long-term monitoring ofJupiter’s northern aurora by the Earth-orbiting planetary space telescope Hisaki, we analyzed thequasi-periodic variation seen in the auroral power integrated over the northern pole for 2014-2016,which included monitoring Io’s volcanically active period in 2015 and the solar wind near Jupiter duringJuno’s approach phase in 2016. Quasi-periodic variation with periods of 0.8-8 days was detected. Thedifference between the periodicities during volcanically active and quiet periods is not significant. Ourdataset suggests that the difference of period between volcanically active and quiet conditions is below1.25 days. This is consistent with the expected difference estimated from a proposed relationship basedon a theoretical model applied to the plasma variation of this volcanic event. The periodicity doesnot show a clear correlation with the auroral power, central meridional longitude, nor Io phase angle.The periodic variation is continuously observed in addition to the auroral modulation due to solarwind variation. Furthermore, Hisaki auroral data sometimes shows particularly intense auroral burstsof emissions lasting <10 h. We find that these bursts coincide with peaks of the periodic variations.Moreover, the occurrence of these bursts increases during the volcanically active period. This auroralobservation links parts of previous observations to give a global view of Jupiter’s magnetosphericdynamics.

76



Jupiter’s main emission and Ganymede’s magnetic footprint under the influence
of magnetospheric plasma variability – M4
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The variation of Jupiter’s magnetospheric plasma was driven partly by the mass outflow from volcaniceruptions on Io. The increasing plasma density in the magnetosphere affects the brightness ofJupiter’s aurora. Jupiter’s aurora consists of three regions which are main emission, satellite footprint,and polar emission. This work presents the brightness and location analysis of the main emissionand Ganymede’s magnetic footprint. Ganymede’s orbit is about 15 RJ from Jupiter. The mappedlocation of Ganymede’s magnetic footprint appears to be close to the main emission, while thefootprint sometimes was embedded in the main emission. This could be an effect of plasma sheetdensity variation in the magnetosphere. The FUV auroral images in this work were detected by twoinstruments onboard the Hubble space telescope which are Advanced Camera for Surveys (ACS) andSpace Telescope Imaging Spectrograph (STIS) in 2007 and 2016, respectively. The brightness of themain emission and Ganymede’s footprint brightness will be used to study their connections with thevariation of plasma in the magnetosphere. The fluctuation of magnetospheric plasma could affectthe field-aligned current along the magnetic flux tube in which the enhancement of plasma couldinfluence the footprint brightness. In the case of the main emission, while plasma density in themagnetosphere increases, the corotation breakdown region moves inward. This could result in thevariation of brightness of the main emission. Moreover, the main emission boundary appears toexpand equatorward as well as the location of Ganymede’s magnetic footprint. In this study, weinvestigate the effect of volcanic eruption on Io and solar wind dynamic pressure on the location andthe brightness of Ganymede’s magnetic footprint in comparison with those of the main emission.Moreover, the aurora feature could change with respect to the modulation of Jupiter’s magnetic fieldstructure which responses to the variation of plasma density in Jupiter’s magnetosphere as well.
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Generation of dawn-to-dusk electric field in the Jovian inner magnetosphere via
Region-2 like FAC – M5

Y. Nakamura1, K. Terada1, C. Tao2, N. Terada1, Y. Kasaba1, H. Kita5, A. Nakamizo2, A. Yoshikawa3,
S. Ohtani4, F. Tsuchiya1, M. Kagitani1, T. Sakanoi1, G. Murakami5, K. Yoshioka6, T. Kimura7, A.
Yamazaki5, and I. Yoshikawa6

1 Tohoku University
2 National Institute of Information and Communications Technology
3 Kyushu University
4 The Johns Hopkins University Applied Physics Laboratory
5 Institute of Space and Astronautical Science
6 The University of Tokyo
7 Tokyo University of Science
Due to Jupiter’s strong magnetic field and rapid rotation, it is believed that the plasma dynamics ofJupiter’s magnetosphere is dominated by corotation and the effects of the solar wind hardly penetratedeep into the magnetosphere [e.g. Brice and Ionnidis, 1970]. However, the evidence that the solarwind influenced the plasma dynamics in the inner magnetosphere was reported by Murakami et al.[2016]. Their results indicated that the strength of dawn-to-dusk electric field in the vicinity of Io’sorbit changed in time and its variation coincided with the changes in solar wind dynamic pressure.Previous studies [Goertz and Ip, 1984; Murakami et al., 2016] suggested that the dawn-to-dusk electricfield is generated by the M-I coupling process via Region 2-like field-aligned current (R2-like FAC),which is still not evaluated quantitatively. This study aims to evaluate the strength of dawn-to-duskelectric field in this process using numerical simulations.We have developed a Jupiter’s ionosphere model composed of a meteoroid ablation model, a photo-chemical model and an ionospheric potential solver. We found that meteoric ions can play a significantrole in the ionospheric conductance in the middle- and low-latitude because of Jupiter’s strong mag-netic field and strong gravity force. The ionospheric Hall and Pedersen conductances become 1-2orders of magnitudes larger in the case that considers meteoric ions (Case 2) than in the case thatdoesn’t consider meteoric ions (Case 1), and their distributions become axisymmetric. We applied theconductance distribution to the ionospheric potential solver to investigate the dawn-to-dusk electricfield in the inner magnetosphere. In Case 1, the calculated dawn-to-dusk electric field is 275 [mV/m]and 85 [mV/m] at 06:00 LT and at 18:00 LT of Io’s orbit, respectively, In Case 2, the calculated dawn-to-dusk electric field is∼25 [mV/m] at 06:00 LT and 18:00 LT, which is 10 times and 3.4 times smallerthan in Case 1, and is closer to the observation (4-9 mV/m [Murakami et al., 2016]). We also testedthe dependence of the dawn-to-dusk electric field on R2-like FAC strength, which could be affectedby the solar wind conditions. The results show that the dawn-to-dusk electric field proportionallyincreases with the total amount of R2-like FAC. This result suggests that the dawn-to-dusk electricfield enhances when the solar dynamic pressure increases, which agrees with the Hisaki observation[Murakami et al., 2016].
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We present a case study of jovian X-ray observations from a Chandra campaign on July 18 2019 whileJuno was in the plasmasheet∼ 30 RJ downtail near midnight, and had viewing of Jupiter’s South pole.The Chandra observation lasted for∼ 7 hours and was optimized to allow full viewing of the northernauroral region. With Juno near midnight in the magnetosphere, we can analyze in detail whether thedynamics in the magnetotail can have an effect on the temporal and morphological behaviour of thejovian X-ray aurora. We present 2-D histograms showing the location of the auroral X-ray emissions,identifying any unique morphological features and where the X-ray photons map to in the joviansystem. We also provide timing analysis of significant quasi-periodic oscillations (QPOs) detected inboth polar regions and compare both our mapping and timing analysis of the Chandra observationwith Juno in situ data and other remote sensing datasets (such as Hubble Space Telescope data). Weuse a solar wind propagation model to infer the state of the magnetosphere during this time. Ourpreliminary results suggest that the morphology of the northern auroral region is unusual with respectto that found in previous studies with a possible bifurcation of the so-called “hot spot" emissions.The timing of the X-ray observation spans an interval where a dipolarization of the magnetic fieldin the tail is observed using the Juno magnetometer data. Both the North and South aurorae arefound to exhibit similar QPOs during this time, suggesting that the same driver may be responsible forthe pulsating X-ray production at both poles. Using a flux equivalence model, we find a dawn-duskasymmetry with the northern and southern auroral X-ray photons mapping to the dawn and duskflank respectively. We will compare these results with other in situmeasurements (Juno WAVES andparticle data) to identify correlations between the X-ray auroral emission and particle and plasmaproperties of the magnetotail.
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Twenty-Two Simultaneous Chandra andHubbleObservations of Jupiter’s X-ray and
UV Aurorae – N2
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Jupiter possesses the most powerful UV and X-ray aurora in the solar system. Previous work hasshown that hard X-ray emission (photon energy > 2 keV), which is produced by precipitating electrons,coincides with the UV main auroral emission (Branduardi-Raymont et al. 2008). In contrast, softX-ray emission (photon energy < 2 keV), which is produced by precipitating ions, coincides with UVaurora flares that occur polewards of the main emission (Elsner et al. 2005). The known connectionsbetween these two wavebands are based on a single simultaneous Chandra X-ray Observatory (CXO)observation and Hubble Space Telescope (HST) orbit from 24 February 2003. Recent work (Gladstoneet al. in prep and presented at recent MOP and AGUmeetings) has shown several further connections.Here, we explore the 22 simultaneous HST and CXO Jupiter aurora observations taken between 2016and 2019. This presentation will showcase the overlaid X-ray and UV auroral videos from Jupiter’sNorthern and Southern poles. By working with a group of school students, through the ORBYTSresearch in schools programme, we identified intervals of shared UV and X-ray auroral morphologybetween the observations. We present the examples of shared morphologies that were identifiedand explore a variety of time cadences to note how the morphology varies with integration time. Thisexploration is critical for our potentially misleading characterisation of a coherent ‘X-ray hot spot’(Gladstone et al. 2002; Dunn et al. 2017; Weigt et al. 2020), which seems to be connected to severalseemingly different UV auroral morphologies. We also note intervals when bright UV aurorae donot coincide with detections of X-ray emission. Grodent et al. (2018) and Nichols et al. (2019) bothindependently showed that the UV aurora appears to have 6 favoured ‘families’ of behaviour. Forthe simultaneous observations, we contrast the X-ray aurora morphology with each of these andexplore possible trends between the two families. We close by attempting to interpret what thedifferent shared auroral morphologies may mean for the driving processes responsible for Jupiter’spolar aurorae.
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Development of Plasma Distribution Solver for the field-aligned plasma distribu-
tion and its application to the Jupiter-Io system related to the auroral electron
acceleration process – N3
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Juno revealed the significant roles of the Alfvenic acceleration in the Jupiter’s auroral regions [e.g.,Mauk et al., 2017; Szalay et al., 2018]. Despite the increasing attention to the Alfvenic accelerationprocess in considering the aurora formation of magnetized planets, physical processes controlling thecharacteristic energy and pitch angle distributions have been still unclear.For the discussion of Alfvenic acceleration, the spatial distribution of electrons and multispecies ionsalong a field line is essential in understanding properties of Alfven waves. Matsuda et al. (2010)calculated the plasma distribution along the Jupiter-Io magnetic field line under the isothermalassumption. However, for the discussion of Alfvenic acceleration, the plasma pressure profile along thefield line is not always isothermal and should be determined to be consistent with the plasma velocitydistribution. In the present study, based on the model used in Ergun et al. (2000) and Matsuda et al.(2010), we developed a Plasma Distribution Solver for the plasma distribution along a magnetic fieldline between ionosphere of both hemispheres. The developed Plasma Distribution Solver computesboth the plasma and their pressure distributions. We assume bi-Maxwellian distributions for the initialvelocity distributions of plasmas at the Northern and Southern ionospheric ends and at the magneticequator. By referring to both energy conservation law and adiabatic invariant, we determine theinterval of integration in the velocity space for a certain location, and then integrate the distributionfunction at the boundary in the determined interval of the velocity space in order to obtain thenumber density and pressure.We apply this model to the magnetic field line of Jupiter-Io system, and determine whether thedispersive Alfven wave will exhibit kinetic or inertial Alfven wave characteristics at each position. Weassume the boundary conditions that protons and electrons originate from the Jovian ionosphere, andhot electrons, cold electrons, and ions (H+, O+, S+, S2+) from Io. The electrostatic potential differencebetween Jupiter and Io is initially assumed to be 30 kV. We obtain a result showing that the dispersiveAlfven wave changes its characteristic from kinetic to inertial Alfven wave at about 20 degrees of themagnetic latitude.
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Ultralow-Frequency Waves in Driving Jovian Aurorae Revealed by Observations
From HST and Juno – N4
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Large-scale electrical currents and Alfvenic waves are the two main drivers responsible for producingplanetary aurorae. The relative contribution of each process is a central question in terrestrial auroralscience, and poorly understood for other planets due to the relatively rare opportunity of in-situspacecraft measurements. Here, we present observations of Jupiter’s aurorae from the Hubble SpaceTelescope (HST) contemporaneous with Juno magnetometer measurements in the magnetosphere.For three successive days, we found that the magnetospheric ultralow-frequency (ULF) wave activity(with periods of 1-60 min) was correlated with auroral power. This was especially true for the Alfvenicmodes. We further performed a statistical analysis based on HST visits during Juno’s third and seventhorbit, which revealed a systematic correlation between ULF wave and auroral activity. Our results implythat Alfvenic wave power could be an important source in driving Jupiter’s aurorae, as theoreticallypredicted.
Recent Advances inMagnetospheric Drivers of Auroral Variations at Jupiter – N5
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Although mass and energy in Jupiter’s magnetosphere mostly come from the innermost Galileanmoon Io’s volcanic activity, solar wind perturbations can play crucial roles in releasing the magne-tospheric energy and powering aurorae in Jupiter’s polar regions. The relative importance of solarwind and internal processes in driving Jupiter’s auroras remains poorly understood. Recently, thecontemporaneous measurements from NASA Juno mission and the Hubble Space Telescope providean unprecedented opportunity to determine the magnetospheric drivers of auroral variations atJupiter, and key evidence on how solar wind would affect the auroral brightening. In this presentation,we will discuss several important advances on several distinctive auroral morphologies at Jupiter,i.e., auroral dawn storm, the main auroral brightening and auroral injection processes. We find thatmagnetic reconnection and dipolarization play crucial roles in driving these auroras, and the auroraldrivers for the Earth and Jupiter have more in common than ever expected.
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Magnetic reconnection near the planet as a possible driver of Jupiter’s polar auro-
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The Earth, Jupiter, and Saturn all have appreciable atmospheres and predominantly dipolar magneticfields, with the most common auroral emissions originating from regions encircling each magneticpole. However, Jupiter’s auroras poleward of its "main" emissions are brighter and more dynamic,and the driver of these mysterious "swirl" auroras has eluded identification to date. We propose thesolution may stem from Jupiter’s stronger magnetic field. We model large-scale Alfvénic perturbationspropagating through the polar magnetosphere towards Jupiter, showing that the <0.1° deflections ofthe magnetic field could lead to magnetic reconnection as close as∼0.2 Jupiter radii above the cloudtops. At Earth and Saturn this physics should be negligible, but reconnection electric field strengthsabove Jupiter’s poles approach∼1 V m-1, typical of the solar corona. We suggest such near-planetreconnection events could generate field-aligned beams of high-energy electrons capable of explainingJupiter’s brighter polar auroras.
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Thanks to its unique polar orbit around Jupiter, Juno offered us the first complete views of the auroraat Jupiter. By doing so, the spacecraft allowed us to track some of the most spectacular auroral events,the dawn storms, from their initiation to their decay. Its prowess does not stop there: on February7th 2018, Juno flew right through the magnetic field lines connected to a dawn storm at a distance of5 Jovian radii.The JADE and JEDI particle instruments both recorded a sudden increase of the particle fluxes. Thisincrease was also observed with the radiation monitors, indicating that even relativistic particles areinvolved in these events. This is consistent with the observation of particularly high color ratios in theUV auroral emissions. The intensity of the Alfvén waves also sharply increased at the same time asthe particle fluxes increased, probably being the source of the particle acceleration. Moreover, Junotraversed several sources of bKOM radio emissions during this time interval.Finally, observations of strong and opposite field aligned currents on each side of the dawn stormsupports the idea that dawn storms are associated with a current wedge, further strengthening thesimilitude between dawn storms at Jupiter and substorms at Earth.
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Juno in situ observations ofwaves and particles connected toUVpolar bright spots
in Jupiter’s auroras – O3
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Since 2016, Juno observations have revealed key information to improve our understanding of Jupiter,and its powerful auroras, in particular. The unique combination of scientific instruments onboard thespacecraft allows studying auroral events on Jupiter synergistically through various mediums. Thiswork presents results from in-situ observations related to an auroral "bright spots" in the Jupiter’spolar auroral region. We focus on the time intervals during which the spacecraft flew above the polarregions close to the bright spot positions during perijove 3 (PJ3) and PJ15 observed by the Juno-UVS,JEDI, MAG, and Waves instruments. Our analysis shows that, during the bright spot emissions, theenergetic particles were enhanced and dominated by the upward electrons. The northern brightspot in PJ3 displayed a higher emitted power than the southern bright spot found in PJ15. Similarly,the upward electron intensities observed by JEDI during PJ3 were higher than those observed inPJ15. In addition, we notice that the whistler-mode waves observed by the Waves instrument werefirst relatively intense during this time interval and then damped as the electron fluxes increased,suggesting the presence of wave-particle interactions. Since the bright spot emissions are foundwithin these time intervals, our observations suggest that these wave-particle interactions contributeto the process that accelerates particles and produces UV emissions.
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Proton Outflow Associated with Jupiter’s Auroral Processes – O4
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Juno has determined that field-aligned proton beams are a systematic and identifiable feature as-sociated with Jupiter’s auroral emissions. We find these beams transport 3 ± 2 kg/s away fromJupiter’s ionosphere. This mass loss occurs at all longitudes sampled by Juno around the southernauroral oval, while the northern hemisphere exhibits upward proton beams predominantly on oneportion in System III, near the auroral kink region. These beams are associated with upward inverted-Vstructures indicative of quasi-static magnetic field-aligned parallel potentials. A lack of bidirectionalityindicates these proton populations are pitch-angle and/or energy scattered and incorporated into themagnetospheric charged particle environment. We will discuss how this mechanism is a significant,and potentially dominant, source of protons in Jupiter’s middle and outer magnetosphere.
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We present Juno observations between 03:00 to 06:00 UT on day-of-year 86, 2017 that link particlesand fields in Jupiter’s polar magnetosphere to transient UV emissions in Jupiter’s auroral region knownas dawn storms. Juno ranged between 42°N - 51°N in magnetic latitude and 5.8 - 7.8 jovian radii (1 RJ
∼ 71,400 km) during this period. These dawn storm UV emissions consist of two separate, elongatedstructures which extend into the nightside, rotate with the planet, have enhanced brightness (up to atleast 1.4 megaRayleigh) and high color ratios. The color ratio is a proxy for the atmospheric penetrationdepth and energy of the electrons that produce the UV emissions. Juno observed electrons and ionsonmagnetic field lines mapping to these emissions. The electrons are field-aligned, bi-directional, and,at times, exhibit sudden intensity decreases below∼10 keV coincident with intensity enhancementsup to energies of∼1000 keV, consistent with the high color ratio observations. These more energeticelectron distributions have characteristic energies of∼120 - 280 keV and downward energy fluxes(∼40 - 140mW/m2) that are a significant fraction of those required to produce theUV emissions for thisevent. The ions have similar energy distributions as the electrons. Whistler mode auroral hiss wavesand magnetic field perturbations up to∼0.7% of the local magnetic field (∼1500 - 3700 nT) are alsoobserved along Juno’s trajectory. These high latitude observations are a result of dynamic processesin the equatorial magnetosphere that trigger the generation of these dawn storm emissions.
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Energetic heavy ionobservations in Jupiter’s inner radiationbelts byGalileo’sHeavy
Ion Counter – P1

E. Roussos1, C. Cohen2, P. Kollmann3, M. Pinto4, P. Gonçalves4, N. Krupp1, and K. Dialynas5

1 Max Planck Institute for Solar System Research, Germany
2 California Institute of Technology, USA
3 Johns Hopkins Applied Physics Laboratory, USA
4 Laboratory of Instrumentation and Experimental Particle Physics, Portugal
5 Academy of Athens, Greece
Jupiter’s radiation belts constitute a multi-component system, trapping high intensities of electrons,protons and heavier ions. Observations and discoveries by the Juno/JEDI instrument and recentre-analysis of Galileo’s Energetic Particle Detector (EPD) data have put back the spotlight on heavy ionsas an important medium to understand the interplay between charged particle acceleration and lossesas well as for probing the properties of different elements of the Jovian system (planet, moons, neutraltori, rings). We revisit measurements from Galileo’s Heavy Ion Counter (HIC) instrument, a high-quality dataset that, on balance, has received much less attention compared to past observations byGalileo/EPD. HIC measurements partly overlap with the highest energies covered by Galileo/EPD andJuno/JEDI (<10MeV/n) but extend up to∼100MeV/n, thus providing key complementary observationsfor those two instruments in the equatorial radiation belts. Thanks to HIC’s large geometry factorand event-based measurement capabilities, HIC clearly resolves trace ions of both heliospheric andmagnetospheric origin, such as Carbon, Nitrogen, Sodium, Magnesium, Iron and others, besidesthe much more abundant Oxygen and Sulfur. In this presentation we re-evaluate aspects of HIC’scalibration, particularly for the analysis of measurements obtained at the innermost, intense radiationbelts of Jupiter, which are currently monitored by Juno. We concentrate on previously unpublishedobservations from Galileo’s last two orbits, reaching inward of Amalthea’s orbit, including a close flybyof this moon. We show that the structure and composition of the heavy ion belts depends stronglyon energy, L-shell and pitch angle. Major findings involve: (a) Above 50 MeV/n Jupiter’s heavy ionradiation belts are dominated by oxygen, appearing stable and highly structured by strong losses atthe orbits of Io, Thebe and Amalthea, a structure reminiscent of that observed in Saturn’s protonradiation belts, (b) Pitch angle distributions at >50 MeV/n change twice from pancake to field-alignedand back to pancake across the L-shells of Thebe and Amalthea. In addition, we present our firstestimates of heavy ion spectra and phase space density profiles in order to explore if heavy ions canbe sustained in that region through adiabatic transport alone, and provide constraints on the MeVoxygen charge state based on observations of Amalthea’s wake.
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Relation of jovianmain auroral emission intensity tomagnetospheric currents dur-
ing the Juno mission – P2

J. D. Nichols1, J. E. P. Connerney2, S. W. H. Cowley1, and D. Grodent3

1 University of Leicester, UK
2 Goddard Space Flight Center, USA
3 University of Liege, Belgium
We report on a study of the relation between the intensity of the dawnside jovian main emissionas observed using the Hubble Space Telescope with the large-scale current systems in Jupiter’smiddle-outer magnetosphere as observed by the Juno spacecraft. Previous work has highlighted anassociation between these phenomena based on individual case studies, such as a disturbed intervalin February 2018 (e.g. Nichols et al. 2020). Here we take a broad view of the relation betweenthe two data sets over the course of the Juno mission prior to orbit 15. Specifically, we show thatoverall there is a significant correlation between the intensity of the dawnside main emission arc andthe contemporaneous equatorial radial ("corotation enforcement") current as calculated from theazimuthal component of the magnetic field in the dawnside magnetosphere. We discuss the origin ofthe association along with the implications for the dynamics of Jupiter’s magnetosphere.
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Simultaneous fields and particles observations associated with Jupiter’s auroral
zones – P3

A. H. Sulaiman1, B. H.Mauk2, F. Allegrini3,4, F. Bagenal5, B. Bonfond6, G. Clark2, J. E. P. Connerney7,8,
R. W. Ebert3,4, S. S. Elliott1, G. B. Hospodarsky1, W. S. Kurth1, J. R. Szalay9, and S. J. Bolton3

1 Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa, USA
2 Applied Physics Laboratory, The Johns Hopkins University, Laurel, Maryland, USA
3 Southwest Research Institute, San Antonio, Texas, USA
4 Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, Texas, USA
5 Laboratory for Atmospheric and Space Physics, University of Colorado Boulder, Boulder, Colorado,USA
6 Space Sciences, Technologies and Astrophysics Research Institute, LPAP, Université de Liège, Liège,Belgium
7 Space Research Corporation, Annapolis, Maryland, USA
8 NASA Goddard Space Flight Center, Greenbelt, Maryland, USA
9 Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey, USA
The Juno spacecraft’s polar orbits have enabled direct sampling of Jupiter’s high-latitude, low-altitudeauroral field lines. Jupiter’s main aurora has been classified into distinct "zones", based on therepeatable characters of energetic electron and proton energy-time and pitch angle-time spectra.These are (i) Zone-I, where downward fluxes of energetic electrons dominate and is associated withthe upward current region; (ii) Zone-II, where bidirectional fluxes of energetic electrons dominateand is associated with the downward current region; and (iii) the Diffuse Aurora, where magneticallytrapped energetic electrons dominate [Mauk et al., 2020]. Here we combine datasets across all fieldsand particles instruments to examine the microphysical plasma processes at play in Jupiter’s auroralzones. Specifically, we aim to: a) establish the role of plasma waves - as generators or consequences- of the unstable auroral particles distributions and identify distinctions between those associatedwith inverted-Vs and broadband distributions; b) constrain the direction of Poynting fluxes acrossthe auroral zones. We anticipate our study to provide new insights into the microphysical processessustaining Jupiter’s uniquely powerful aurora.
ReferencesMauk, B. H., Clark, G., Gladstone, G. R., Kotsiaros, S., Adriani, A., Allegrini, F., et al. (2020). EnergeticParticles and Acceleration Regions Over Jupiter’s Polar Cap and Main Aurora: A Broad Overview.Journal of Geophysical Research: Space Physics, 125(3), e2019JA027699.https://doi.org/10.1029/2019JA027699
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Electron partial density and temperature over Jupiter’s main auroral emission us-
ing Juno observations – P4

F. Allegrini1,2, W. S. Kurth3, S. S. Elliott3, J. Saur4, G. Livadiotis1, G. Nicolaou1, F. Bagenal5, S. Bolton1,
G. Clark6, J. E. P. Connerney7,8, R. W. Ebert1,2, G. R. Gladstone1,2, P. Louarn9, B. H. Mauk6, D. J.
McComas10, A. H. Sulaiman3, J. R. Szalay10, P. W. Valek1, and R. J. Wilson5

1 Southwest Research Institute, San Antonio, Texas, USA
2 Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, Texas, USA
3 Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa, USA
4 Institute of Geophysics and Meteorology, University of Cologne, Cologne, Germany
5 Laboratory for Atmospheric and Space Physics, University of Colorado Boulder, Boulder, Colorado,USA
6 The Johns Hopkins University Applied Physics Laboratory, Laurel, Maryland, USA
7 Space Research Corporation, Annapolis, Maryland, USA
8 NASA Goddard Space Flight Center, Greenbelt, Maryland, USA
9 Institut de Recherche en Astrophysique et Planétologie (IRAP), Toulouse, France
10 Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey, USA
We present a survey of electron partial densities (i.e., the portion of the total density measuredbetween ∼0.05 and 100 keV) and temperatures in Jupiter’s main emission region using plasmameasurements from the Jovian Auroral Distributions Experiment (JADE) on Juno. The electron partialdensity increases from ∼0.01 to 0.1 cm−3 near the main oval to a few cm−3 at the edge of themeasurable part of the UV emission equatorward of the main oval. The electron temperature ishighest near the main oval at ∼10-20 keV and decreases equatorward down to ∼0.3-2 keV. TheJADE electron partial density agrees within a factor of∼2 with the total electron densities derivedfrom Juno-Waves when the comparison is possible. The electron density and temperature trendsare consistent for all sampled longitudes, for the north and the south, and there is no significanttrend with radial distance in the range examined in this study (1.25 to 1.96 RJ). The electron density isanti-correlated with the temperature and the characteristic energy. The ratio of the magnetic fieldstrength to the electron density is maximum near the main oval.
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Interchange Instability in the Jovian Magnetosphere Using Juno Observations –
P5

A. Daly1, W. Li1, Q. Ma1, and X. Shen1

1 Boston University, USA
Interchange instability is one of the primary mechanisms that drives the radial transport of particles inJupiter’s magnetosphere. Interchange instability is often associated with sudden changes in particledistribution and plasma waves, but its occurrence rate, preferential location, and characteristics arenot well understood. In this study, we perform a multi-event analysis to evaluate the relationshipbetween energetic electrons and plasma waves in Jupiter’s magnetosphere using Juno data. Morespecifically, particle data from the JEDI and JADE instruments, as well as plasma wave data fromthe Waves instrument, are used to evaluate the properties of energetic electrons and plasma waves(e.g., whistler mode waves) over 5<M<50 from 2016 to 2020. We present several representativeexamples of interchange events followed by multi-event analysis results revealing the occurrencerate, preferential location, and features of electron distributions (e.g., energy dependence, pitchangle distribution) and plasma wave properties (e.g., wave spectra, amplitudes). Our findings areimportant for understanding particle energy transport and the generation of plasma waves in theJovian magnetosphere.
Energetic electron distributions and the implications on the efficiency of chorus-
driven acceleration in Jupiter’s radiation belts – Q1

Qianli Ma1,2, Wen Li1, Xiao-Jia Zhang2,3, Xiao-Chen Shen1, and Alec Daly1

1 Center for Space Physics, Boston University, Massachusetts, USA
2 Department of Atmospheric and Oceanic Sciences, University of California, Los Angeles, California,USA
3 Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, California,USA
Previous studies have suggested the capability of relativistic electron acceleration by whistler modechorus waves in Jupiter’s radiation belts. The acceleration efficiency depends on a variety of factors,including the total electron density, chorus wave intensity, and the initial distribution of electronfluxes. Recent Juno data have provided direct measurements of chorus waves from 50 Hz to 20 kHzfrequencies and electron fluxes from below 100 eV to∼1 MeV energies. In this study, we evaluate thedependence of chorus-driven electron acceleration on the initial electron distributions in Jupiter’sradiation belts using Juno observation and quasilinear modeling. The evolution of electron phasespace density distribution is simulated using the electron and chorus wave distribution from Junostatistics or during an electron injection event. The simulation comparison indicates that electroninjections can provide enhanced seed fluxes to facilitate faster relativistic electron acceleration due tochorus waves. Our results suggest the potentially important role of electron injections in the formationof Jupiter’s radiation belts.
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Illuminating the Physics behind the Motions of Jupiter’s Auroral Dawn Storms –
Q2

M. J. Rutala1, J. T. Clarke1, J. D. Mullins1, and J. D. Nichols2

1 Center for Space Physics, Boston University, USA
2 Department of Physics and Astronomy, University of Leicester, UK
The enigmatic dawn auroral storms are a distinctive feature of Jupiter’s main emission. These featurescan grow in intensity to dwarf the rest of the main emission, occasionally reaching brightnessesbeyond 10, 000 kR, nearly an order of magnitude increase over the mean main emission brightness.Dawn storms with these intensities are rare, historically occurring in∼5% of Hubble Space Telescope(HST) observations of the Jovian aurorae. Dawn storms are not just brighter than other main emissionfeatures, but are also noted to markedly lag behind rigid corotation by 30%∼100%– meaning theyoccasionally remain entirely fixed in local time. This is unusual, as the main emission as a wholeessentially corotates with Jupiter; despite this, dawn storms have frequently been identified by theintensity of their emission alone, rather than in conjunction with their motion. We have taken theopposite approach, and identified and characterized dawn storms in archival HST observations bytheir corotation rates first and intensities second. The result is a clear increase in the frequency ofdawn storms at Jupiter: roughly 50% of dawn auroral features at Jupiter lag behind corotation, butonly ∼10% are significantly brighter than other regions of the main emission in our analysis. Thediscovery of faint auroral dawn storms, or “quasi-dawn storms”, across the decade of archival HSTobservations used here confirms that the Jovian dawn storms are driven by a common process, incontrast to the picture of the rare dawn storm painted by previous studies. While an analysis ofHST observations is limited to surveying the earth-facing side of Jupiter’s main emission and thuscannot track the entire lifespan of individual dawn storms, we are able to relate auroral features tothe processes in the dawn-sector magnetosphere which must control their behavior. Finding andmeasuring these features was made possible by a statistical analysis of 150 hours of HST observations,one of the largest composite studies of the Jovian aurorae and the first to systematically measure thecorotation rates of individual auroral features.
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Variability of Jupiter’s main auroral emission and satellite footprints: A survey of
Galileo-era HST observations – Q3

M. F. Vogt1, M. Rutala1, B. Bonfond2, J. T. Clarke1, L. Moore1, and J. D. Nichols3

1 Boston University, USA
2 Université de Liège, Belgium
3 University of Leicester, UK
HST images of Jupiter’s aurora show that the main emission occasionally contracts or expands, shiftingtoward or away from the magnetic pole, by several degrees (e.g. Grodent et al., 2008). Theselatitudinal shifts have been linked to both changes in the solar wind dynamic pressure (Grodentet al., 2003) and Io’s volcanic activity (Bonfond et al., 2012). They are sometimes accompanied bymotion of a satellite footprint, indicating a change in the magnetic field configuration that shiftsthe ionospheric mapping of a given radial distance in the equatorial magnetosphere. As a field linebecomes increasing radially stretched its ionospheric footprint shifts equatorward compared to itsinitial mapping. However, in some cases, the main emission has been observed to shift independentlyof the satellite footprints, indicating that the variability stems from someother change in the corotationenforcement current (CEC) system that is responsible for themain auroral emissions at Jupiter. Hereweanalyze HST auroral images from the Galileo era (1996-2003) and compare how latitudinal shifts of theGanymede footprint compare to concurrent shifts in the main auroral emission. We focus on imageswith overlapping Galileo measurements because concurrent information is available about the currentsheet strength, which indicates the amount of field line stretching that can affect the position of boththe main emission and satellite footprints (Vogt et al., 2017). We find that the Ganymede footprint andmain auroral emission typically, but do not always, display similar poleward or equatorward motion.Additionally, we find that the auroral shifts are weakly linked to changes in the current sheet strengthmeasured by Galileo. We discuss implications of the observed auroral shifts in terms of the expectedchanges to the CEC system and magnetospheric mapping.
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Global Distribution of Energetic Protons in Jovian Magnetosphere – Q4

Xiao-Chen Shen1, Wen Li1, Qianli Ma1,2, and Juno Team

1 Boston University, Boston, USA
2 University of California, Los Angeles, USA
Jupiter has intense proton fluxes beyond Io’s orbit (∼5.9 RJ), since volcanic eruptions and associatedactivities at Io are the main source of energetic protons in Jovian magnetosphere. However, the globaldistribution of these energetic protons is still notwell understood, especially the latitudinal distribution,pitch angle distribution, and phase space density distribution. In this study, we take advantage ofJuno’s JEDI measurement, which provides the pitch angle distribution of energetic protons from tensof keV up to several MeV at various magnetic latitudes and M shells, to systematically evaluate theglobal distribution of energetic protons in the Jupiter’s inner and middle magnetosphere (M < 50).Specifically, (1) we construct a global empirical model of energetic proton flux at various M shells (M <50) and magnetic latitudes (-80 to 80 degrees) from tens of keV to several MeV; (2) we evaluate thepitch angle distribution of these energetic protons in various regions; (3) we analyze the radial profileof phase space density of energetic protons in the plasma sheet, which is selected near the magneticfield dips close to the magnetic equator. These results are important for improved understanding andmodeling the proton dynamics in the Jovian magnetosphere and are critical for identifying the sourceof energetic protons at Jupiter.
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In situ observations of the ionmoments above the equatorial ionospheremade by
the Juno JADE-I instrument – Q5

P.W. Valek1, F. Allegrini1,2, F. Bagenal3, S. Bolton1, J. Connerney4,5, R.W. Ebert1,2, G. R. Gladstone1,2,
W. S. Kurth6, J. R. Szalay7, J. H. Waite1,2, and R. J. Wilson3

1 Southwest Research Institute, San Antonio, Texas, USA
2 Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, Texas, USA
3 Laboratory for Atmospheric and Space Physics, University of Colorado Boulder, Boulder, Colorado,USA
4 Space Research Corporation, Annapolis, Maryland, USA
5 Goddard Space Flight Center, Greenbelt, Maryland, USA
6 Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa, USA
7 Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey, USA
The orbit of Juno enables repeated in situ observations above the Jovian ionosphere. The spacecrafttypically reaches altitudes of ∼4000 km above the 1 bar level and is traveling at speeds of ∼58km/s. The low altitude and high velocity of Juno at perijove permits direct sampling of ionosphericion populations by the Jovian Auroral Distributions Experiment Ion sensor (JADE-I) that otherwisewould be outside its measurement range. When looking into the spacecraft ram direction, JADE-I canmeasure composition separated, ion energy distributions to below 1 eV/q. At equatorial latitudes,the low energy ions consist of protons and heavier ions, protons being the dominant species. Heavyions (primarily oxygen and sulfur likely originating from the magnetosphere) are seen most passes,but their intensity varies. Other trace light ions - H3+ and He+ - are observed during some of theperijoves. These ionospheric ions are observed up to altitudes of∼7,000 km. We present here thein situ observations of ions above the Jovian equatorial ionosphere. Forward modeling results ofthese observations are used to determine properties of the ion distributions. When available, we willcompare the ion density values to the electron densities determined by the JunoWaves instrument.
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Kelvin-Helmholtz waves on Jupiter’s dawnside magnetopause boundary – R1

P. A. Delamere1, P. A. Damiano1, A. Schok1, S. Wing2, K. Sorathia2, X. Ma3, B. Burkholder3, and J. R.
Johnson4

1 University of Alaska Fairbanks
2 JHU/APL
3 Embry Riddle Aeronautical University
4 Andrews University
Jupiter’s dawnside outer magnetosphere can be characterized as the battleground between internally-driven sunward flow and solar wind-driven tailward flow. The Juno mission has provided detailedobservations of this region, including 100 magnetopause boundary crossings. We have conducteda statistical analysis of the boundary crossings to determine the distribution of boundary normaldirections. The broad distribution of normal directions is consistent with a Kelvin-Helmholtz (KH)unstable magnetopause boundary. Turbulent heating rate densities were calculated to further identifypotential KH activity [Delamere et al., 2021; Burkholder et al., 2020], and select case studies wereconducted to investigate particle transport at the magnetopause boundary using both JADE and JEDIdata. In addition, we have modeled KH waves using local MHD and hybrid simulations and the globalGAMERA simulation [Zhang et al. 2021]. Simulation results are compared with Juno data to investigateenergetic particle and magnetic flux transport.
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Identifying the Occurrence of Magnetic Reconnection at Jupiter’s Dawn Magne-
topause – R2

JakeMontgomery1,2, R.W. Ebert2,1, G. Clark3, F. Allegrini2,1, F. Bagenal4, S. J. Bolton2, G. A. DiBraccio5,
S. A. Fuselier2,1, and R. J. Wilson4

1 Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, Texas, USA
2 Southwest Research Institute, San Antonio, Texas, USA
3 Johns Hopkins University Applied Physics Lab, Laurel, Maryland, USA
4 Laboratory for Atmospheric and Space Physics, University of Colorado Boulder, Boulder, Colorado,USA
5 NASA Goddard Space Flight Center, Greenbelt, MD
Limited observations and modeling of magnetic reconnection along Jupiter’s dawn magnetopausehave given many insights into the properties of the plasma in that location; however, there are stillmany open questions regarding the occurrence of magnetic reconnection at Jupiter’s magnetopauseand its impact on magnetospheric dynamics. It is known through theoretical approaches that amultitude of conditions are likely necessary for magnetic reconnection to occur. However, nowthat Juno has provided several observations of dawn magnetopause crossings at Jupiter, identifyingconditions for reconnection there can be solidified. In this study, observations from the JADE, JEDI,and MAG instruments on Juno are used to identify signatures of magnetic reconnection at Jupiter’sdawn magnetopause based on the characteristics of the local plasma environment. Specifically, weapply the Swisdak relation (e.g. Swisdak et al. 2010) to determine the susceptibility of reconnectionthrough observations of magnetic shear angle and the change in plasma beta (β) in the intervalsimmediately before and after a magnetopause crossing. Identifying magnetopause crossings thatinclude accelerated ions, plasma energization, and a change in polarity of at least one component inthe local magnetic field show more extensive evidence for reconnection. Initial findings show that alarge majority of dawn magnetopause crossings at Jupiter have a low likelihood for local magneticreconnection (are diamagnetically suppressed) because of high ∆β values and low magnetic shearangles across the magnetopause boundary.
Overview of the Thermal Plasma: Juno’s First 30 Orbits – R3

R. J. Wilson1

1 LASP, University of Colorado Boulder, Boulder, CO, USA
This poster shows thermal plasma data over the first 30 Juno orbits (all data in the PDS as of MOP2021)with a series of ‘whole orbit’ plots. PDS Level 3 data from both the JADE and MAG instruments areshown: Thermal ions, thermal electrons, and the magnetic field magnitude and the radial component.It’s rare to see this much raw data on one plot and gives a sense of how vast and time-variable theJovian magnetosphere is. This poster’s focus is to encourage discussion of the whole magnetosphereand potential future science investigations.
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Partitioning Jovian Thermal Ions: Forward Modelling Using Coincident Juno JADE
Datasets – R4

R. J. Wilson1

1 LASP, University of Colorado Boulder, Boulder, CO, USA
The ion detector on JADE is an electrostatic top hat analyzer with a Time-of-Flight (TOF) section. Thismeasures co-incident signals (not ‘singles’) of incoming ions and separates them out by mass percharge (m/q). ≈80% of the Jovian magnetosphere is O+ and S++, which both havem/q of 16, makingthem difficult to separate in the data. But there are also protons, and O++, O+++, S+ and S+++ ions.Wewon a NFDAP proposal to use forwardmodeling to split out the ions by species to gain composition,densities, velocities and temperatures, utilizing the TOF and ion species data sets. The main obstacleto overcome is using fundamentally different data sets simultaneously to separate out ion distributionsthat overlap with each other; one data set has directional information but greatly restricted ion speciesseparation, while the other data set can separate species but has no directionality. This is an updateof progress during the first year of this study.
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Posters - Day 4

Rotating auroral current system and reconnection sites on Saturn – S1

Ruilong Guo1, Zhonghua Yao2, and Denis Grodent1

1 University of Liege, Belgium
2 Institute of Geology and Geophysics, Chinese Academy of Sciences, China
Energetic charged particles trapped in a planet’s magnetosphere can produce stunning auroraewhen they travel along the magnetic field lines and eventually collide with the planet’s atmosphere.Magnetic reconnection is one of the key processes in driving plasma and energy transport in themagnetosphere, and also a fundamental plasma process in energizing charged particles. Here, usingin-situ measurements from the Cassini spacecraft, we report multiple small-scale reconnection sitesthat rotated with the magnetosphere. The spatial distribution of the identified long-standing multiplesmall reconnection site sequences shows no significant preference on local times. A chain of field-aligned currents is also found in Saturn’s magnetosphere that generates separated auroral patches.Both the multiple currents and their energy sources in the magnetodisc are azimuthally separated androtate with the planet. The generation of the rotating azimuthally distributed field-aligned currentsmight be associated with the rotating long-standing small-scale reconnection processes.
Saturn’s inner magnetospheric convection in the view of zebra stripe patterns in
energetic electron spectra – S2

Y. X. Sun1,2, E. Roussos2, Y. X. Hao1,2, Q. G. Zong1, Y. Liu1, S.Lejosne3, D.X. Pan4, X. Z. Zhou1, C. Yue1,
and N. Krupp2

1 Institute of Space Physics and Applied Science, Peking University, 100871, Beijing, China
2 Max Planck Institute for Solar System Research, 37077, Goettingen, Germany
3 Space Sciences Laboratory, University of California, 94720, Berkeley, USA
4 Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese Academyof Sciences, 100029, Beijing, China
Banded structures observed in energetic particle spectrograms in the Earth’s inner radiation beltand slot region, i.e., "zebra stripes", have been resolved also in the Saturnian magnetosphere withCassini. This paper implements a large-scale statistical analysis of Saturnian zebra stripe properties inassociation to the noon to midnight electric field of the inner magnetosphere, to which the stripes’origin was recently established. Cassini has detected zebra stripes extending between L-shells (L) of5 to 9 for more than half of the orbits that crossed inward of L=9. The amplitude of the stripes is
15− 20% on average above the background differential energy flux, while their age is estimated to be20-60 hours. The regular observation of zebra stripes suggests that their trigger should recur overtime scales comparable to their estimated lifetime (days). The flux-enhanced stripes are traced backto the dayside, preferentially from post-noon, indicating an electric field orientation from post-noonto post-midnight in agreement to past studies. Our results further suggest that the electric field’soffset from the noon-midnight line may be subject to both L-shell and temporal dependencies.
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Evidence for a neutral thermosphere-driven planetary period current at Saturn –
S3

M. N. Chowdhury1, T. S. Stallard1, K. H. Baines2, G. Provan1, H. Melin1, L. Moore3, J. O’Donoghue4,
E. M. Thomas1, R. Wang1, S. Miller5, and S. V. Badman6

1 University of Leicester, UK
2 University of Wisconsin-Madison, USA
3 Boston University, USA
4 JAXA, Japan
5 University College London, UK
6 Lancaster University, UK
One of the abiding mysteries that remain following the advent of the Cassini mission to Saturn is alsoone of the first discoveries the flagship spacecraft made at the planet: that Saturn’s rotation ratechanges with time, with the magnetic fields above the planet somehow slipping relative to thosegenerated deep within the interior. An array of wide-ranging models have attempted to explain thisvariable rotation rate, but the solution to what generates Saturn’s variable radio rotation pulse hasremained hidden for the best part of nearly two decades.One of the most-cited theories suggests that the radio pulse could be driven by rotating twin-vortexflows within the polar upper atmosphere, effectively a form of weather-driven aurora. If the atmo-sphere is the driver, then at a planetary period phase of 0◦, the ionosphere would be expected tomove towards us over the pole (in the observer’s line-of-sight), with a corresponding return flowoccurring away from us near the auroral oval. If, however, the magnetosphere is the driver of thesecurrents, then these same flows are expected to be reversed.Using spectral data of Saturn’s northern infrared auroral emissions - obtained with the Keck-NIRSPECinstrument (situated at Mauna Kea, Hawaii) during the summer months of 2017, when the Cassinispacecraft was performing its final Grand Finale orbits - binned into planetary phase groupings (0◦,90◦, 180◦, and 270◦) we can now demonstrate evidence that the variable rotation rate of Saturn isproduced by a previously proposed twin-vortex within the thermosphere of the planet.In the difference between our measurements at phases of 0◦ and 180◦, we clearly observe ion windpatterns across the pole that are consistent with the behavior of a twin-vortex driving currents outinto the magnetosphere and producing a radio pulse. Based on these observations, the variations inrotational period seen within the radio emission, and indeed throughout Saturn’s magnetosphere,must result from localised variations in the rotation speed of this twin-vortex.In this work, we will present the ion wind structures observed by Keck and reveal the evidence for thetwin-vortex that is proposed to drive the variable rotation rate of Saturn. We will also look ahead towhat this ongoing investigation in the context of the planetary period oscillations intends to revealabout Saturn’s thermosphere-ionosphere-magnetosphere interaction at large.
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Cassini Langmuir Probe observations during solar eclipses by Saturn and its rings
– S4

G. Xystouris1, C.S. Arridge1, M. Morooka2, and J.-E. Wahlund2

1 Physics Department, Lancaster University, United Kingdom
2 Swedish Institute of Space Physics, Uppsala, Sweden
The motivation for this work is to understand the effects of photoelectrons on Langmuir Probemeasurements. By biasing the Langmuir Probe to a range of positive and negative potentials a current-voltage relationship can be measured and can be used to measure properties of the surroundingplasma, such as temperature, density, andmass (for the ions). As the bias voltage can be both negativeor positive, the LP has the capability to measure both ions and electrons.Eclipses provide an opportunity to study how the spacecraft-plasma interaction changes in darknessfollowing the simple logic that when there is no sunlight hitting the spacecraft there are no newphotoelectrons generated. Hence, we focus our study in periods where Cassini was eclipsed by Saturn,i.e. Cassini was in Saturn’s shadow. We also studied the impact of the rings’ shadow.This poster describes our analysis method and some results of our analysis.
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Surface charging and ionwake of Cassini: implications for in-situ data analyses and
ion temperature estimates in Saturn’s inner magnetosphere – S5

M. K. G. Holmberg1, F. Cipriani1, T. Nilsson2, S. Hess3, H. L. F. Huybrighs1, L. Z. Hadid1, G. Déprez1,
R. J. Wilson4, M. W. Morooka2, and M. Felici5
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5 Center for Space Physics, Boston University, Boston MA, USA
We have used Spacecraft Plasma Interaction Software (SPIS) simulations to study the spacecraft-plasma interaction of Cassini at 4.5 to 4.7 RS and at 7.6 RS . The interaction between the spacecraftand its environment will alter the local environment around the spacecraft and might impact scientificmeasurements. One important interaction between the spacecraft and its environment is the ionwake that will be formed behind the spacecraft when the relative speed of the spacecraft exceeds theion thermal speed of the ambient plasma. Cassini Langmuir probe (LP) measurements in Saturn’s innermagnetosphere shows that a strong ion wake is formed, with ambient ion densities a factor 5, or more,larger than ion densities observed in the wake. The radial distance 7.6 RS is close to the maximumdistance where a clear ion depletion, i.e. an ion wake, can be detected in the Cassini LP data. This isdue to lower ion densities and higher ion temperatures for increasing radial distances from the planet.At 7.6 RS the ambient ion density is up to a factor 1.9 larger than ion densities observed in the ion wake.We have used SPIS simulations to show that the LP ion density measurements can be well reproduced,both outside and inside of the ion wake. Comparison between simulated and measured spacecraftpotentials also shows a good agreement. This is an important result that shows that SPIS simulationscan be used, with high accuracy, to simulate the spacecraft potential and spacecraft-plasma interactionin plasma regimes similar to the inner and middle magnetosphere of Saturn. Hence, SPIS can be usedwith advantage for preparatory studies for future missions like e.g. JUICE and Europa Clipper.Our simulations also show that the best agreement with the ion densities is found using ion tempera-tures of 8 eV at 4.5 to 4.7 RS , and 300 eV at 7.6 RS . The results for the inner magnetosphere, at 4.5 to4.7 RS , indicated that many earlier ion temperature estimates are overestimated. This shows thatSPIS simulations also can be used in order to better constrain environmental parameters in regionswhere significant perturbations prevent accurate measurements.
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Cassini observations of ionospheric plasma in Saturn’s magnetosphere – T1

M. Felici1, P. Withers1, S. V. Badman2, C. Martin3, L. Ray2, T. Smith4, R. J. Wilson5, A. J. Coates6, and
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1 Boston University, Center for Space Physics, USA
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3 University of Saskatchewan, Canada
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6 University College London, MSSL, UK
It is well known that the ionosphere is an important mass source for the magnetosphere at Earth, butlesser attention has been dedicated to study the ionospheric mass source at Saturn.Felici et al. (2016) presented evidence of ionospheric outflow from Saturn’s ionosphere, detectedwhen Cassini was located at ' 2200 h Saturn local time, 36 RS far from Saturn. During severalentries into the magnetotail lobe, tailward flowing cold ions were observed; the ions appeared tobe dispersed in energy and the Ion Mass Spectrometer/Time Of Flight instrument revealed a ioncomposition dominated by light ions. Ultraviolet auroral observations showed a bright and extendedaurora, and the heliospheric model ENLIL suggested that the magnetosphere was being compressedby a region of high solar wind dynamic pressure. Felici et al. (2016) considered several configurationsfor the active atmospheric regions and estimated the corresponding source and mass rates outflowingthe ionosphere.We have now identified 247 instances in the Cassini Plasma Spectrometer Singles (CAPS/SNG) data, inwhich the ions appear dispersed in energy. For two of these events, we conducted an investigationof the location of the spacecraft in respect to the plasma sheet, flow direction, ion composition,ionospheric and solar wind activity at the times of detections, utilizing the Cassini Magnetometerdata, CAPS Time of Flight data, Cassini Ultraviolet Imaging Spectrograph data, and ENLIL model results.We interpreted these additional events as ionospheric outflow, estimated the number flux, and lastly,compared these results to the estimates by Felici et al. (2016) and the models for ionospheric outflowat Saturn presented in Glocer et al. (2007) and Martin et al. (2020).We will present these new results that show ionospheric outflow events with different characteristicsand number fluxes, underlining the variability of this phenomenon and its importance for improvingour understanding of ionosphere-magnetosphere coupling, the ionosphere as a source of plasma forthe magnetosphere, how much upstream conditions drive the system, and extrapolating ionosphericescape rate at Saturn.
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Cassini’s Plasma Interactionwith Saturn’s Ionosphere during the Grand Finale: 3-D
Particle-In-Cell Simulations – T2
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Cassini’s Grand Finale was the first time Saturn’s ionosphere had been sampled in-situ. Here, theionospheric plasma was dominated by charged dust grains and depleted of free electrons. Under-standing how the spacecraft potential is affected by its environment is important for interpretingthe surrounding plasma conditions and on-board plasma measurements. In this paper, we describethree dimensional Particle-In-Cell simulations of a model Cassini employing plasma conditions repre-sentative of those observed in Saturn’s equatorial ionosphere at 2500 km altitude. The simulationsreveal complex interaction features such as a highly structured wake containing spacecraft-scalevortices, and electron wings associated with propagating Langmuir waves, which extend into thepristine plasma ahead of Cassini. Despite the high electron depletions, the electron temperature isfound as a significant controlling factor for the spacecraft potential together with the magnetic fieldorientation which induces a potential gradient across Cassini’s asymmetric body. This study revealsthe global spacecraft-plasma interaction experienced by Cassini during the Grand Finale in a plasmaenvironment dominated by a class of physics quite different to those considered within the classicview of spacecraft charging in space plasmas.
The response of Saturn’s dawn field-aligned currents to magnetospheric and ring
current conditions during Cassini’s Proximal Orbits – T3
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3 Max Planck Institute for Solar System Research, Germany
The Proximal orbits of the Cassini spacecraft during 2017 have given us the opportunity to examinethe auroral field-aligned currents in the northern hemisphere dawn sector in relation to wider magne-tospheric conditions. Here we will combine the results of three recent studies on the properties ofthe auroral field-aligned current, magnetospheric ring current, and the overall compressional stateof Saturn’s magnetosphere due to solar wind conditions. Using these results, we will examine theresponse of the auroral field-aligned currents in combination with the magnetospheric ring current tocompressions and expansions of the Saturnian magnetosphere. We will show that for a compressionof Saturn’s magnetosphere the current within in the downward current sheet, located equatorwardof the main auroral oval, increases in strength with increasing total ring current. While the inverserelation occurs during an interval of quiet or expanded magnetospheric conditions. We observe withinthe magnetic field region which carries the downward current that during compression events thereis an increase in hot plasma intensity, in particular, in the protons (35-506 keV). This response is akinto an Earth-like ‘region 2’ field-aligned current within Saturn’s dawn magnetosphere, with a partialnightside ring current closing via a downward current within the dawn sector. We will further discussthe implications of these observations for Saturn’s magnetospheric current systems and dynamics.
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Saturn’s nightside ring current during Cassini’s Grand Finale – T4
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During Cassini’s Grand Finale proximal orbits, the spacecraft traversed the nightside magnetotail to
∼21 Saturn radii. Clear signatures of Saturn’s equatorial current sheet are observed in the magneticfield data. An axisymmetric model of the ring current is fitted to these data, amended to takeinto account the tilt of the current layer by solar wind forcing, its teardrop-shaped nature and themagnetotail and magnetopause fringing fields. Variations in ring current parameters are examined inrelation to external driving of the magnetosphere by the solar wind and internal driving by the twoplanetary period oscillations (PPOs), and compared with previous dawn and dayside observations.We find that the relative phasing of the PPOs determines the ring current’s response to solar windconditions. During solar wind compressions when the PPOs are in antiphase, a thick partial ringcurrent is formed on the nightside, dominated by hot plasma injected by tail reconnection. This partialring current should close partly via magnetopause currents and possibly via field-aligned currents intothe ionosphere. However, during solar wind compressions when the PPOs are in phase, this partialring current is not detected. During solar wind rarefactions an equatorial ‘magnetodisc’ configurationis observed in the dayside/dawn/nightside regions, with similar total currents flowing at these localtimes. During very quiet intervals of prolonged solar wind rarefaction, a thin current sheet with anenhanced current density is formed, indicative of a ring current dominated by cool, dense, Enceladuswater group ions.
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Statistical studies of different plasma regions found near the edge of planetarymagnetospheres requireknowledge of boundary crossings for purposes of classification, for example, by visual inspection,the plasma regions sampled by the spacecraft. Automation of this type of activity would improvethe efficiency of boundary studies and could also have implications for onboard data processingpre-downlink.The Cassini mission at Saturn (2004-2017) provided an invaluable dataset to test the viability ofautomated region classification. While both magnetic field and plasma data are available for most orall of the mission timeline, in this ongoing work we have focussed on the magnetometer dataset toinvestigate how effectively magnetic data statistics can inform classification.In this investigation, we used the latest catalogue of bow shock and magnetopause crossings for thetime period 2004 to 2016 (Jackman et al. (2019)) to train a LSTM recurrent neural network classifier,using only magnetometer data to classify plasma regions. Data are pre-selected using models of thebow shock and magnetopause to reduce the variance. Given a 60-min window of magnetic fieldmeasurements, the network predicts the region for each timestep, within that window, as eithermagnetosheath (SH), magnetosphere (SP) or solar wind (SW). A prediction accuracy of 94.0% wasobtained on unseen test data, with over 90% precision and recall for each region, thus closely aligningwith relevant ‘ground truth’ class labels (Figure 1, left). The performance of the network is poorest forSH points, very likely due to highly variable conditions and potential mixing with SP and SW plasmas(Figure 1, right). An example of a previously unidentified bow shock crossing is predicted on 2016-03-03 14:00:30. This demonstrates the viability of such techniques for potential use in on-board dataselection for future missions and boundary physics studies.To further illustrate the role of effective classification for science, we also present preliminary work inprogress related to mirror mode structures in Saturn’s magnetosheath (adapting identification criteriafor the Jovian system from Joy et al (2006)). The occurrence rate of different types of mirror modes isexamined and their evolution from the bow shock to the magnetopause is analysed using structurefunctions and Fourier analysis.
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Temperature and density fluctuation on Saturn’s Magnetosphere – U1
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2 Andrews University
3 Johns Hopkins University Applied Physics Laboratory
4 The University of Hongkong
5 Embry-Riddle Aeronautical University
The outward radial transport in Saturn’s magnetosphere occurs due to the centrifugally driven in-terchange instability, determined by the radial gradient of flux tube content and flux tube entropy.Electron density and temperature fluctuations were observed in the outer magnetosphere of Saturnby Voyager-1 and Voyager-2. Goertz [1983] suggested that these fluctuations are due to the formationof plasmoids via a flute type instability. Similarly, the Cassani CAPS/ELS data also shows a similarfluctuation on the dawn side of the magnetosphere. Also, both the CAPS ion and ELS data showasymmetry in temperature where the dawn side is hotter than the dusk side. This dawn-dusk asym-metry in the magnetosphere could be associated with the generation of low-density flux tubes in themidnight to dawn sector. Multi-fluid Lyon -Fedder -Mobarry (MFLFM) global simulations suggest that aRayleigh Taylor (RT) type instability, a Kelvin-Helmholtz instability, or tail reconnection in the midnightto dawn sector, could lead to the injections. Wewill compare the observed electron density fluctuationwith MFLFM simulations. Also, we will use the information theory and wavelet transportation tounderstand the observed density fluctuation on the dawn side of the magnetosphere.
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Magnetic Flux Integral Quantities in the Giant Magnetospheres – U2
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Magnetic flux integral quantities (e.g., flux entropy, flux content) are conserved quantities under thefrozen-in assumption. The change of these quantities often indicates the violation of the frozen-incondition (e.g., interchange instability). Therefore, examining the change of different flux integralsquantities can help us better understand the dynamical processes in the giant magnetospheres(i.e., Jupiter’s and Saturn’s Magnetospheres). The giant magnetospheres are stabilized by a radiallyincreasing profile of flux tube entropy and destabilized by a radially decreasing profile of flux tubecontent. The traditional radial transport scenario suggested that the magnetic flux with heavy fluxtube content moves from the inner magnetosphere to the outer magnetosphere, stretching themagnetic field into a magnetodisc configuration. Subsequently, magnetic flux with low flux tubeentropy generated by magnetodisc reconnection circulates back to the inner magnetosphere. Theflux tube entropy analysis suggests that energetic particles dominate the total flux tube entropy inthe magnetodisc region, and newly closed field lines generated by magnetodisc reconnection arelikely to be transported into the inner magnetosphere. Based on the flux tube entropy constraint,this study uses a steady state magnetodisc model to demonstrate that the radial transport process inJupiter and Saturn’s magnetosphere can also be achieved via middle-latitude double reconnection,driven by a low-latitude interchange instability. This process does not involve significant latitudinalconvection of magnetic flux in the ionosphere, nor does it significantly modify the radial flux tubeentropy profile.
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Compressibility of the Jovian magnetosphere – U3

Dimitrios Millas1
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The effect of the solar activity on a magnetosphere, as an external driver, can be studied via thecompressibility index; this index is calculated via changes in the magnetopause due to variations inthe external pressure and quantifies the overall response of the magnetosphere.The system size, composition and morphology of the magnetospheres of Jupiter and Saturn makethem ideal targets for such studies. We report on a numerical study of the compressibility of theJovian magnetosphere, using an implementation of Caudal’s iterative scheme to create an axisym-metric magnetodisc structure. We create an ensemble of models, treated as virtual observationsor "crossings", using a different system size (parametrized by the magnetopause distance) and hotplasma content (parametrized by the hot plasma index) for each case.We evaluate differentmethods to obtain the compressibility index and discuss the effects of the systemsize, compare the results with observations of the Jovian magnetosphere and with similar studiesfocused on the magnetosphere of Saturn. Furthermore, as a complementary step, we implementPontius’ algorithm to update the plasma angular velocity using the equatorial magnetodisc structurein a consistent way and examine the major differences with a simple dipole model.
The Open Polar Cap of Rotating Magnetospheres – U4

Binzheng Zhang1, Oliver Brambles1, Peter Delamere2, William Lotko3, and Zhonghua Yao4
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3 NCAR/HAO
4 Institute of Geology and Geophysics, CAS
The classic Dungey cycle plays an essential role in understanding the dynamics of the terrestrialmagnetosphere. However, its direct applicability to planetary magnetospheres is limited, especiallywhen the planetary rotation is much faster than the Earth. In this study, we use a series of numericalexperiments to show the transition of the terrestrial magnetosphere from a classic Dungey cycle,convection-dominated system to rotation-dominated configurations. The numerical experiments usethe Earth’s magnetosphere-ionosphere system as a testbed, with modified rotation speed to increasethe influence of planetary rotation over solar wind driving, characterized by the ratio between thesolar wind merging potential and the polar cap rotation potential. Results show that when the rotationpotential of the polar magnetosphere becomes comparable to the merging potential of the solar wind,the classic Dungey cycle is modified by azimuthal transport of magnetic flux, resulting in a more closedpolar magnetosphere with a crescent-shaped open flux region in the ionosphere. These numericalexperiments provide a theoretical framework for understanding the fundamentals of magnetosphericphysics, which is potentially applicable to Saturn, Jupiter, and exo-planetary systems.
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Statistics of Saturn’s Magnetotail Reconnection Events – U5
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Magnetic reconnection is a fundamental physical process in planetary magnetospheres, in whichplasma can be exchanged between the solar wind and a planetary magnetosphere, and material canbe disconnected and ultimately lost from a magnetosphere. Magnetic reconnection in a planetarymagnetotail can result in the release of plasmoids downtail and dipolarizations planetward of an x-line.The signatures of these products include characteristic deflections in the north-south component of themagnetic field which can be detected by in-situ spacecraft. Identification of these signatures has beenperformed by eye, semi-automated algorithms, and more recently machine learning methods. Here,we apply statistical analysis to the most thorough catalogue of Kronian magnetospheric reconnectionsignatures created through machine learning methods to improve understanding of magnetosphericevolution. This research concludes that no quasi-steady position of the magnetotail x-line exists within70 RS . This research introduces prediction equations to estimate the yearly distribution of durationfor plasmoid passage over the in-situ spacecraft (N = 300∆t−1.3, bin width = 1 min), and the yearlydistribution of north-south field deflection (N = 52∆B−2.1

θ , bin width = 0.25 nT) expected to beidentified by an orbiting spacecraft. Furthermore, this research finds a local time asymmetry forreconnection identifications, with a preference for dusk-side over dawn-side. This may indicate apreference for Vasyliunas style reconnection over Dungey style for Saturn’s magnetosphere. Finally,through these distributions, the reconnection rate of Saturn’s magnetotail can be estimated as 3.22reconnection events per day, with a resulting maximum mass loss from plasmoids of 34.4 kg s−1 onaverage, which is comparable with the magnetospheric mass loading from Enceladus (8-250 kg s−1).However, this still leaves open the possibility of magnetospheric mass loss through other methods,such as Kelvin-Helmholtz instabilites.
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Spectra of Saturn’s proton belts revealed – V1
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Saturn is permanently surrounded by 6 discrete proton radiation belts that are rigidly separated bythe orbits of its inner moons and dense rings. These radiation belts are ideal environments to studythe details of radial diffusion and CRAND, yet progress on this has been hindered by the fact that theenergy spectra of these protons are not known with certainty: Reanalysis of the response functionsof the LEMMS instrument on-board the Cassini orbiter has shown that measurements of. 10 MeVprotons may be easily contaminated by& 10 MeV protons and that many available measurementscharacterize a very broad energy range, so that the calculation of an energy resolved spectrum is notas straightforward as previously assumed.Here we use forwardmodeling of the instrument response and combine it where useful with numericalmodeling of the proton belt physics in order to determine Saturn’s proton spectra with more certainty.While earlier studies reported on proton spectra roughly following a power law with exponent≈ 2,our more advanced analysis shows much harder spectra with exponent≈ 1. The observed spectraare consistent with what is expected from the CRAND process, potentially occurring in combinationwith cooling of the protons in tenuous gas originating from Saturn or Enceladus.These new spectra can be used in the future for studying space weathering of Saturn’s moons andrings, and to further our understanding of Saturn’s proton belts and the respective physical processesthat also occur at other magnetized planets.
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Shear-Driven Aurora – V2
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Velocity shears serve as effective voltage generators in planetary magnetospheres and drive field-aligned currents, coupling the magnetosphere-ionosphere system and powering auroral emissions.We present a quasi-static magnetosphere-ionosphere coupling model that relates solar wind andionospheric parameters to the strength and thickness of field-aligned currents in a region of shearedvelocity, such as the boundary layer between the solar wind dominated magnetosheath and magneto-sphere. Instabilities in the shear layers often lead to the development of small-scale vortex structures.We compare vortex induced current structures with those induced by shear-flow. We find that thestrength of the maximum currents are comparable, but the structure is significantly different in thatthere is a preferred spatial scale for vortex structures. This preferred scale results from the balance of2D current convergence (which increases currents with decreasing scale) and mirror-force resistance(which chokes out the currents as the vortex size decreases). Auroral bright spots have been observedat Earth, Jupiter, and Saturn in regions that map to the boundary layer. It has been suggested that thebright spots are associated with Kelvin-Helmholtz vortices. We utilize our model to determine howthe field aligned current structure depends on ionospheric and boundary layer parameters for vortexstructures. We present observations from Earth and Saturn that suggest that the size of observedauroral beads in planetary magnetospheres is consistent with the predictions of the preferred scale ofvortex structures for typical magnetospheric parameters.
A Tail of Two Giants: Observations of Saturn’s FUV auroras in Jupiter’s magnetotail
– V3

J. D. Nichols1, B. Bonfond2, T. Bradley1, J. T. Clarke3, S. W. H. Cowley1, M. Owens4, and C. Tao5
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In late November 2020, Saturn passed through the projected location of Jupiter’s magnetotail. Noother planet experiences such an event, which occurs for Saturn once every 19 years. It presents aunique natural experiment to capture the behaviour of a planet’s magnetosphere under such unusualconditions. We report on the results of a programme of Hubble Space Telescope observations ofSaturn’s UV auroras, which provide an indication of the state of the magnetosphere, during thisinterval, and compare the auroral morphology with projections of the solar wind and location ofJupiter’s tail.
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Observations of Saturn’s aurora inside Jupiter’s magnetotail – V4
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Once every two decades, Jupiter, Saturn and the Sun move into close alignment with each other, sothat Saturn moves periodically into Jupiter’s extended magnetotail. Observations from Voyager 2show that this rare alignment results in dramatic changes to Saturn’s aurora, with the radio emissiondecreasing by two orders of magnitude. However, since that observation, we have no measurementsof this event and no real understanding of how the auroral region changes in brightness or currents,or how the thermosphere might change as a result of changing auroral inputs.
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A statistical view of the response of Saturn’s radio emissions to solar wind driving
– V5
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Saturn has several components to its radio emission which can change in response to varying solarwind andmagnetospheric conditions. These radio components include the Saturn Kilometric Radiation(SKR), a cyclotron maser instability-generated emission which occasionally displays Low FrequencyExtensions (LFEs); and the Saturn narrowband emissions, typically below 40 kHz, which include n-SMR(narrowband Saturn Myriametric Radiation) and n-SKR.We utilise a list of all magnetopause and bow shock crossings by Cassini during its 13-year tour ofthe Saturn system [Jackman et al., 2019] to select out times when the Cassini RPWS instrument wassampling Saturn’s radio emissions from the solar wind, magnetosheath and outer magnetosphereregions. We explore the hypotheses that the SKR is a good proxy for solar wind driving, and thatnarrowband emissions may link to dramatic magnetospheric reconfiguration events. Solar windintervals give a direct measure of the upstream environment to compare against. Magnetosheathintervals can be used to infer solar wind velocity via CAPS measurements of proton temperature[Thomsen et al., 2019] and to infer the state of magnetospheric compression by the location of localboundary crossings.We explore how the detection of radio emissions is highly sensitive to observer position (especiallylatitude and local time), and how the passage of radio waves through the dense magnetosheathcan alter the detected signal. We explore case studies of extreme solar wind compression whereCassini had direct traversals of the magnetosheath in < 300 minutes, implying dynamic motion of theboundaries, and present superposed epoch analyses of the radio emission during such intervals. Withthe wide span of Saturn season and solar cycle conditions, we further explore how the phasing of theSKR radio bursts can be altered by changing solar wind. Lastly we focus on the narrowband emissions,and quantify their link to dramatic SKR bursts and LFEs, and track their recurrence and associatedquasi-periodicities.
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servations – W1
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We will present the recently reported discovery and analysis of seven new flux rope observationsat Saturn’s dayside magnetopause by the Cassini spacecraft and analyze the measurements of alleight known flux ropes (Jasinski et al., 2021). Since the high plasma-beta conditions at Saturn’smagnetopause are likely to suppress reconnection from occurring we investigate how flux ropes willdiffer in comparison to other planets. The measured ion-scale flux ropes have diameters close toor above the ion inertial length di ∼1-27 (median and mean values of 5 and 8), considerably lowerthan typical flux ropes found at Earth’s magnetopause. The magnetic flux contents are 4-461 kWb(median and mean values of 16 and 77 kWb), considerably smaller (<0.1%) than average flux openedduring magnetopause compression events at Saturn. This is in contrast to Earth and Mercury wheredayside flux ropes contribute significantly to magnetospheric flux transfer. Therefore, at Saturn, fluxropes represent a negligible proportion of the amount of open magnetic flux transferred. Due to thelikely suppression of the two main growth-mechanisms (continuous multiple x-line reconnection andcoalescence), we conclude that adiabatic expansion is the likely (if any) candidate to grow the sizeof flux ropes at Saturn. Electron energization is observed inside, due to either Fermi acceleration orparallel electric fields. Due to diamagnetic suppression of reconnection at Saturn’s magnetopause,we suggest that the typical size of flux ropes at Saturn is most likely very small, and that there may bemore di-scale flux ropes present in the Cassini magnetometer data that have not been found due totheir brief and unremarkable magnetic signatures.
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The 1-Hour Ringing in Saturn’s Magnetosphere: Analysis of Quasi-periodic Pertur-
bations in theMagnetic Field Measurements and Comparison to AlfvénWave Res-
onances in a Realistic Field and Plasma Density Model – W2
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In this study, we analyze the observations of the quasi-periodic 60-minute (QP60) perturbations in themagnetic field in Saturn’s outer magnetosphere, and compare them to the recent models of Alfvénwave resonances in a realistic magnetic field with realistic plasma densities [Rusaitis et al., 2021].Many observations of these waves during Cassini’s flybys have been previously reported [Palmaertset al., 2016; Roussos et al., 2016], but none of the studies have included data from the entirety of themission or compared data with field line resonance models in realistic plasma/field configurations.This presents us an opportunity to validate the field line resonance mechanism that is often suggestedas the source of these perturbations. Analyzing hundreds of QP60 events throughout the 13-yearperiod, we find that the observed wave frequency is independent of invariant latitude, agreeing withearlier studies. As shown in Rusaitis et al. [2020], the plateau in field line eigenfrequencies in theouter magnetosphere (especially 10 to 20 RS) is explicable with a realistic field and density model.Additionally, we observe a higher occurrence rate of events in mid-to-high latitudes, compatible withthe magnetic perturbation amplitude variations in the field line resonance model. Such amplitudevariation is very different to that seen in magnetospheric box models with a step-function densitymodels [e.g., Yates et al., 2016], which show high relative magnetic field perturbation amplitudes onlynear the magnetic equator. We suggest that our analysis of the QP60 events and comparison withthe predictions of the realistic field line resonance model demonstrates that the field line resonancemechanism is likely responsible for at least a large fraction of the observed 1-hour periodic waves inthe magnetic field measurements.
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Searching for Saturn’s X-rays during a rare JupiterMagnetotail Crossing using Chan-
dra – W3

D. M. Weigt1, W. R. Dunn2, C. M. Jackman3, R. Kraft4, G. Branduardi-Raymont2, J. D. Nichols5, A. D.
Wibisono2, M. F. Vogt6, and G. R. Gladstone7

1 University of Southampton, UK
2 Mullard Space Science Laboratory, University College London, UK
3 Dublin Institute for Advanced Studies, Ireland
4 Harvard-Smithsonian Center for Astrophysics, USA
5 University of Leicester, UK
6 Boston University, USA
7 Southwest Research Institute, USA
Every 19 years, Saturn passes through Jupiter’s ‘flapping’ magnetotail. The structure and motion of thetail are governed by the variable solar wind dynamic pressure surrounding the jovian magnetosphere.Here, we report Chandra X-ray observations of Saturn planned to coincide with this rare planetaryalignment. We analyze three Director’s Discretionary Time (DDT)∼ 10 ks observations from the HighResolution Camera (HRC-I) on-board Chandra, taken on November 19, 21 and 23 2020 with the aimto find auroral and/or disk emissions. We infer the conditions in the kronian system by looking atcoincident soft X-ray solar flux data from the Geostationary Operational Environmental Satellite (GOES)and Hubble Space Telescope (HST) observations of Saturn’s ultraviolet (UV) auroral emissions within2 days of the Chandra observations. The GOES data show a C-class flare that may have impactedSaturn just prior to the November 23 observation while the planet was most likely immersed in thesolar wind. However, there was no significant detection of Saturn’s disk or auroral emissions in any ofthe DDT observations. We estimate the upper limit to the energy flux of Saturn at this time which isagreement with the results found from previous modelled spectra of the disk emissions. We concludeour study by discussing the implications of this non-detection and how it is imperative that the nextfleet of X-ray telescopes (such as Athena and the Lynx mission concept) continue to observe Saturnwith their improved spatial and spectral resolution and very enhanced sensitivity to help us finallysolve the mysteries behind Saturn’s apparently elusive X-ray aurora.
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Fine structures of Saturn kilometric radiation at low and medium frequencies –
W4

G. Fischer1, U. Taubenschuss2, and D. Pisa2

1 Space Research Institute, Austrian Academy of Sciences, Graz, Austria
2 Institute of Atmospheric Physics, Czech Academy of Sciences, Prague, Czech Republic
The fine structures of Saturn kilometric radiation (SKR) are best investigated with the WidebandReceiver (WBR) of Cassini’s Radio and Plasma Wave Science (RPWS) instrument. Spectral features aredisplayed in so-called dynamic spectra as a function of time and frequency with resolutions of∼0.1 sand∼0.1 kHz, respectively. We introduce 7 different classes of SKR fine structures ranging from dots (1class for 0-dimensional objects) over lines (4 classes of 1-dimensional objects being horizontal, vertical,or with positive or negative slope) to areal features (1 class for 2-dimensional objects). Additionally, the7th class contains special structures which are named according to their appearance in the dynamicspectra like rain, striations, caterpillars, or worms. About 20% of SKR features cannot be classifiedwith our classification scheme.We classified SKR spectra from the 80 kHz WBR (low frequencies) and from a 25 kHz band centered at325 kHz (medium frequencies). We found several differences in the occurrence of various structures atlow and medium frequencies. For example, the particular fine structure of striations is quite commonbelow 80 kHz, but rarely appears at 325 kHz. However, we can see groups of short and thin lines ofnegative slope looking like "rain" or interrupted striations. Striations are one of the few fine structureswhich have been investigated for Auroral kilometric radiation (AKR) at Earth, where they also tend toappear at lower frequencies and are less common at medium frequencies (Menietti et al., 2000, JGR105, A8, 18,857-18,866). Until today, no classification scheme exists for the fine structures of auroralradio emissions, and here we attempt to introduce one. Furthermore, we still do not know whichprocesses are responsible for the multitude of fine structures, and many different theories exist.
Using Saturn Kilometric Radiation as a proxy for the solar wind – W5

W. Gould1, L. C. Ray1, and C. Arridge1

1 Lancaster University
Due to a lack of upstream monitors, the effects of the solar wind on Saturn’s magnetosphere arenot well understood. Consequently, previous investigations of this relationship have been restrictedto time limited case studies. However, it is known that the solar wind plays an important role inmagnetosphere dynamics. With the conclusion of the Cassini mission in 2017, we present a large-scalestatistical study of the Saturnian kilometric radiation as a proxy for the solar wind. Due to the lack ofdirect solar wind monitoring at Saturn, we use a solar wind propagation model, to explore severalsolar wind parameters and their relationship with the Saturnian Kilometric Radiation.To assess the strength of the relationships between solar wind parameters and Saturnian kilometricradiation, we use mutual information. Mutual information is a measurement of how strong therelationship is between two variables, and by extension, how much we can infer from one about theother. In this study, that is how confident we can be of the Saturn Kilometric Radiation’s strengthwhen measuring a given solar wind parameter value from the propagation model. Additionally, wepresent rigorous testing of the technique, before drawing conclusions from the physical data.
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Evaluating SolarWind-Magnetosphere Interactions at Neptune: AModeling Study
of Solstice Conditions – X1

A. Olsen1 and C. Paty1

1 University of Oregon, USA
At a distance of∼30 AU from the Sun, the interaction of Neptune’s tilted and off-centered magneticdipole moment with the solar wind is far from typical. Recent studies have indicated that withincreasing distance from the Sun, a viscous interaction between the solar wind and magnetospheremay be prevalent over a more standard picture of reconnection in terms of driving energy and massflow into the magnetosphere. The viscous interaction would arise from a transfer of momentumbetween the solar wind plasma and magnetospheric plasma at the magnetopause boundary dueto the reflection and refraction of magnetohydrodynamic waves, an effect enhanced by the Kelvin-Helmholtz instability. In this study we adapt a multifluid magnetohydrodynamic simulation previouslyimplemented at Uranus for an offset tilted dipole and apply it to Neptune’s magnetosphere. Weexamine a range of potential upstream solar wind conditions for Neptune’s solstice configuration toquantitatively assess how these characteristics affect conditions at the bow shock, magnetosheath,and magnetopause boundary layers and how those characteristics evolve during planetary rotation.The probability of reconnection along the magnetopause will be assessed based off two criteria.For the diamagnetic drift condition, the difference between plasma beta in the magnetosheath andmagnetosphere will be determined to assess potential reconnection sites. The flow shear conditionwill be evaluated by considering the magnetosheath and magnetosphere magnetic fields, in additionto the magnetosheath plasma mass density. The strength of the reconnection electric fields will becalculated when the reconnection criteria are met. Several simulations will be run to cover a range ofAlfvén Mach numbers characterizing the upstream flow.
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Unmasking the Infrared Aurorae of Uranus – X2

E. M. Thomas1, H. Melin1, T. S. Stallard1, M. N. Chowdhury1, and R. Wang1

1 University of Leicester, UK
How the aurorae of Uranus are produced and what processes drive these phenomena are twofundamental questions in understanding the Ice Giant planets. With an offset and tilted magnetic fieldfrom the planet’s unusual 98-degree rotational tilt, Uranus’s magnetosphere presents a planetaryenvironment unlike those of our own at Earth or Jupiter and Saturn. Since 1986, where Uranus wasvisited by a single fly-by from Voyager II, we have continued to work with a snapshot of data thatprovided the first glimpse into the ultraviolet aurorae. This went onto to discover a most peculiarasymmetric set of aurorae (Herbert and Sandel, 1994), thought to result due to the 0.3 planetary radiioffset of the magnetic dipole.Since these findings, the Hubble Space Telescope (HST) has continued to observe auroral emissions atUranus (Lamy, et al., 2012, 2017) but only in the ultraviolet wavelength. These observational campaignshave, however, been unable to map the full spatial extent of the aurorae as observed in 1986, andhighlighted a need for further investigations. Similar observations have also been carried out in theinfrared spectrum, with the use of H+

3 a molecular ion which acts as an energy probe of a planet’supper atmosphere. Over the 30-year history of infrared observations at Uranus (Trafton, et al., 1993)there has been a similar difficulty in observing the planet’s aurorae, with only one possible auroralevent documented in 2016, but this was unable to be confirmed (Melin, et al., 2019).By analysing multiple infrared datasets for H+
3 emissions during and after the planet’s equinox (2007),we have successfully revealed two broad regions of H+

3 emission that closely resemble the latitudinalpositions of the UV northern and southern aurorae as was first observed by Voyager II. Spectralanalysis shows these peaks in H+
3 intensities are not driven by thermal processes, but instead due toincreased column densities of H+
3 . The combination of these results presents an increase in localisedionisation rates across the surface of Uranus, hence indicating the presence of infrared aurorae whichhave now been observed for the first time in history.
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Seeing X-rays from Uranus for the First Time (a low signal) – X3

W.R. Dunn1, J.-U. Ness2, L. Lamy3,4, G. R. Tremblay5, G. Branduardi-Raymont1, B. Snios5, R. P. Kraft5,
Z. Yao6, and A. D. Wibisono1

1 Mullard Space Science Laboratory, University College London, Dorking, UK
2 European Space Astronomy Centre, Madrid, Spain
3 LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université, Université de Paris, Meudon,France
4 LAM, Pythéas, Aix Marseille Université, CNRS, CNES, Marseille, France
5 Center for Astrophysics, Harvard & Smithsonian, USA
6 Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese Academyof Sciences, Beijing, China
We present three Chandra X-ray Observations of Uranus (each 24-30 ks duration). One of theseobservations shows a low signal but statistically significant detection of X-rays from Uranus, withmeasured X-ray fluxes that are consistent with upper limits and modelling predictions in previouswork (Ness & Schmidt. 2000; Cravens et al. 2006). The probability chance of occurence of this signalbeing randomly generated in the location of Uranus is of the order of 1 in 1 million. The detection alsoshows an energy clustering of the photons that is consistent with observations of Jupiter and Saturn.The other two observations, when considered in their entirety, constitute non-detections. However,one of these observations shows intriguing short timescale brightenings that raised the X-ray brightnessof Uranus above 99.9 percent of the field of view. Given that the Sun’s X-ray brightness was reasonablyconstant and dim at this time, it seems unlikely that the change in brightness was caused by thescattering of solar flares in the planets atmosphere (as seen for Jupiter and Saturn). A plausiblealternative cause of this brightening could be aurorae (given its co-location with the expected UVaurora location at this time). We also observe X-ray emission clustered along the rings of the planet,which may hint at fluorescent emissions triggered by collisions from energetic particles (e.g. Mauk &Fox 2010). For Saturn, the rings can often rival the planet for X-ray brightness (e.g. Bhardwaj et al.2005). It therefore may be plausible that Uranus could undergo a similar fluorescence process. Tobetter explore these hints, longer observations are required beyond the exploratory nature of thesefirst attempts.
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Saturn Kilometric Radiation observed near its source by the Cassini Wideband Re-
ceiver – X4

Ulrich Taubenschuss1, Laurent Lamy2,3, David Pisa1, Georg Fischer4,WilliamKurth5, Ondrej Santolik1,6

and Jan Soucek1

1 Institute of Atmospheric Physics, Czech Academy of Sciences, Prague, Czechia
2 LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université, Université de Paris, Meudon,France
3 Aix Marseille Université, CNRS, CNES, LAM, Marseille, France
4 Space Research Institute, Austrian Academy of Sciences, Graz, Austria
5 Department of Physics and Astronomy, University of Iowa, Iowa City, USA
6 Faculty of Mathematics and Physics, Charles University, Prague, Czechia
Towards the end of the Cassini mission, the spacecraft performed regular crossings of auroral magneticfield lines at high latitudes and low altitudes. In these magnetospheric regions, Saturn kilometricradiation (SKR) is typically generated. SKR is monitored by the Cassini-RPWS High-Frequency Receiver(HFR) in the survey mode and by the Wideband Receiver (WBR) in the burst mode. We presentWBR observations obtained during Cassini’s Grand Finale orbits while the spacecraft was within orvery close to the SKR source region. The fine structure of SKR is discussed, and we compare WBRrecordings to HFR spectra. Whereas the HFR shows SKR at frequencies slightly below the local electroncyclotron frequency (fc) within the source region, the WBR shows SKR being amplified at fc or slightlyabove fc. We will discuss these discrepancies in terms of receiver characteristics and address possiblemodifications to the theory of SKR generation needed for explaining the observations.
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The peak frequency source of Saturn’s Kilometric Radiation – X5

L. Lamy1,2 et al.

1 LESIA, Observatoire de Paris, PSL, CNRS, France
2 LAM, Pythéas, Univ. Aix-Marseille, CNES, CNRS, France
Before to ultimately plunge into Saturn’s atmosphere, the Cassini spacecraft explored between 2016and 2017 the auroral regions of Saturn’s magnetosphere, where rises the Saturn’s Kilometric Radiation(SKR). This powerful, nonthermal, radio emission analog to Earth’s Auroral Kilometric Radiation, isradiated through the Cyclotron Maser Instability (CMI) by mildly relativistic electrons at frequenciesclose to the local electron gyrofrequency. The typical SKR spectrum, which ranges from a few kHz to
∼1MHz, thus corresponds to auroralmagnetic flux tubes populated by radiosources at altitudes rangingfrom ∼4 kronian radii (Rs) down to the planetary ionosphere. During the F-ring orbital sequence,Cassini probed the outer part of both northern and southern auroral regions, ranging from∼2.5 to
∼4 Rs altitudes, and crossed several SKR low frequency sources (∼10-30 kHz). Their analysis showedthat the radiosources strongly vary with time and local time, with the lowest frequencies reached onthe dawn sector. They were additionally colocated with the UV auroral oval and controlled by localtime-variable magnetospheric electron densities, with importants consequences for the use SKR lowfrequency extensions as a proxy of magnetospheric dynamics. Along the proximal orbits, Cassini thenexplored auroral altitudes below∼2.5 Rs and crossed numerous, deeper, SKR sources at frequenciesclose to, or within the emission peak frequency (∼80-200 kHz). Here, we present preliminary resultsof their survey analysis, taking advantage of HST remote UV observations coordinated with Cassini insitu radio and magnetic measurements. Understanding how the CMI operates in the widely differentenvironments of solar system magnetized planets has direct implications for the ongoing search ofradio emissions from exoplanets, ultracool dwarves or stars.
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Up-coming event - MOP22

Unfortunately, the pandemic forced us to change our initial plan to organize the MOP meeting in Liège(Belgium) in 2021. However, we are looking forward to welcoming you in-person for the MOP2022meeting from July 11 to 15, 2022. The meeting will take place at the Academic Hall of the University ofLiège, which is located in the city centre and within walking distance from most downtown hotels.
For more information and updates, please visit our website.
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