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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 in-person version of the MOP meeting, we welcome contributions about any subject relatedto the Magnetospheres of the Outer Planets (Jupiter, Saturn, Uranus and Neptune). The list of topicsincludes, but is not restricted to, in situ and remote sensing observations, theory or simulations ofthe entire magnetosphere or its components, magnetosphere-ionosphere-thermosphere coupling,comparative planetology, moon-magnetosphere interactions, auroras and future missions. Contribu-tions dedicated to science outreach and teaching are also welcome, provided that they are directly orindirectly related to the Magnetospheres of the Outer Planets.

Local Organizing committee

Denis Grodent (ULiège) Bertrand Bonfond (ULiège)Marie-Nöelle Chevalier (ULiège) Jean-Michel Dusoulier (ULiège)Jean-Claude Gérard (ULiège) Kamolporn Haewsantati (ULiège)Viviane Pierrard (BIRA/IASB, UCL) Estelle Portassau (ULiège)Guillaume Sicorello (ULiège) Lauriane Soret (ULiège)Gilles Wautelet (ULiège)

Science Organizing committee

Bertrand Bonfond (ULiège, Belgium) Denis Grodent (ULiège, Belgium)Caitriona Jackman (DIAS, Ireland) Tomoki Kimura (Tokyo University of Science, Japan)Philippe Louarn (IRAP, France) Adam Masters (Imperial College, UK)Alessandro Mura (INAF, Italy) Philippa Molyneux (SwRI, USA)Gabrielle Provan (University of Leicester, UK) Abigail Rymer (Johns Hopkins University, USA)Ali Sulaiman (University of Iowa, USA) Marissa Vogt (Boston University, USA)
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Practical Information

Venue

The MOP2022 meeting will take place at the Academic Hall Place du 20-Août 7 4000 Liège (Belgium).The Academic Hall is located at the end of the main entrance hall. The posters will be presented inthe Professors’ Hall, on the first floor of the building.
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Ice Breaker

An Ice Breaker will take place on Sunday 10th between 17:00 and 19:00 at the newly renovated GrandPoste, in the Cour des Carrioles, which will be privatized for us. The Grand Poste is located Quai surMeuse 19, 4000 Liège – Belgique, right next to the University main building.
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Conference Dinner

For the participants who registered for this event, a conference dinner will be organized onWednesday13th at 18:30 at the Union Nautique Club House, located at the end of the Parc de la Boverie (25-minutewalk from the conference hall).
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Talks and posters

The contributed talks will be 15 minutes long (12 minutes + questions), the invited talks will be 20minutes long (17 minutes + questions) and the tutorial talks will be 25 minutes long (20 minutes +questions). The preferred aspect ratio for the slides is 16:9.
For the posters, the orientation will be vertical and the width of the supporting panels is∼1m. Thepreferred format is thus vertical A0. The presenters will have the opportunity to showcase their posterwith a short 1-slide oral presentation during the lightening sessions just before the poster sessions.
For more information and updates, please visit our website.
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Schedule

CT: Contributed Talk, TT: Tutorial talks, IT: Invited Talk.

Sunday, 10 July

17:00 - 19:00 Ice breaker

Monday, 11 July

8:30–9:00 Registration9:00 - 9:15 Opening words from Prof. Pierre Wolper, Rector of the University of Liège
Chairperson: AdamMasters

09:15 -09:40 TT Fran BagenalUniversity of ColoradoBoulder
What has Juno Revealed about Jupiter’sMagnetosphere?

09:40 - 10:00 IT Michel BlancIRAP, France
Magnetosphere-Ionosphere-Thermosphere Coupling at Jupiter:Current Understanding and CriticalQuestions

10:00 - 10:15 CT Peter DelamereUniversity of Alaska Fairbanks Structure and dynamics of Jupiter’sdawnside magnetosphere

10:15 - 10:30 CT Aneesah KamranUniversity of Leicester
Azimuthal field signatures associatedwith magnetosphere-ionospherecoupling in the Jovian magnetosphere:Comparison between Juno observationsand theoretical modeling10:30 - 11:00 Coffee break

Chairperson: Dale Weigt

11:00 - 11:15 CT Aaron WestUniversity of Minnesota, USA
3D Time-Domain MultifluidInvestigations of Jovian Kinetic FLRResponses

11:15 - 11:35 IT Binzheng ZhangHong Kong University
Modelling of polar regions: acomparison between the Earth, Jupiter,and Saturn

11:35 - 11:50 CT Dimitrios MillasUniversity College London(UCL)
Particle motion and pitch anglescattering due to magnetic fieldcurvature in the Jovian magnetosphere

11:50 - 12:05 CT William KurthUniversity of Iowa Ionospheric Electron Densities Inferredfrom Juno Plasma Wave Observations
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12:05 - 12:20 CT Corentin LouisDublin Institute for AdvancedStudies
Effect of magnetospheric disturbanceson Jovian radio emissions: an in situcase study from Juno data12:20 - 13:50 Lunch break

Chairperson: Philippe Louarn

13:50 - 14:05 CT Philippe ZarkaObservatoire de Paris - CNRS -PSL
Jupiter’s Auroral Radio EmissionsObserved by Cassini: Rotational VersusSolar Wind Control, and ComponentsIdentification

14:05 - 14:20 CT Emilie MauduitLESIA - Observatoire de Paris
Ubiquitous Jupiter fast drifting radiobursts reveal Alfvenic electronacceleration

14:20 - 14:35 CT Adam BoudoumaLESIA Numerical modelization of Jovianplasma emissions.
14:35 - 14:50 CT Peter DamianoGeophysical Institute,University of Alaska Fairbanks

Electron signatures associated withmid-latitude Alfven wave perturbationsinferred from Juno magnetometerobservations
14:50 - 15:05 CT Barry MaukJohns Hopkins APL Structure of Zone I of Jupiter’s MainAurora
15:05 - 15:20 CT Bob LysakUniversity of Minnesota

Magnetosphere-Ionosphere Coupling inJupiter’s Polar Caps: Implications forMegavolt Potentials15:20 - 15:50 Coffee break
Chairperson: Corentin Louis

15:50 - 16:05 CT
Heidi BeckerJet Propulsion Laboratory,California Institute ofTechnology

Juno’s highest energy particleobservations at Jupiter
16:05 - 16:20 CT EmmaWoodfieldBritish Antarctic Survey The effect of Z-mode waves on theelectron radiation belt at Jupiter.
16:20 - 16:35 CT Scott BoltonSouthwest Research Institute

Juno Observations of Jupiter’sSynchrotron Emission and RadiationBelts
16:35 - 16:50 CT Elias RoussosMax Planck Institute for SolarSystem Research, Germany

A source of very energetic oxygen inJupiter’s innermost radiation belts
16:50 - 17:10 IT Quentin NenonIRAP-CNRS Open science questions in the radiationbelts of Jupiter

Surprise!
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Tuesday, 12 July

Chairperson: Laurent Lamy

09:00 - 09:25 TT Bob LysakUniversity of Minnesota Auroral Acceleration Processes at theGiant Planets
09:25 - 09:40 CT Dale WeigtUniversity of Southampton

Identifying jovian X-ray auroral families:tying the morphology of X-ray emissionto associated magnetospheric dynamics
09:40 - 09:55 CT Seán McEnteeDublin Institute for AdvancedStudies (DIAS)

Long-term exploration of Chandra X-rayobservations of Jupiter: equatorial andauroral emissions
09:55 - 10:10 CT Affelia WibisonoMSSL/UCL

Two decades of Jupiter’s X-ray emissionsas measured by XMM-Newton’s RGSand EPIC instruments
10:10 - 10:25 CT Matt RutalaBoston University

Shedding New Light on the EnigmaticMotions of Jupiter’s Auroral MainEmission10:25 - 10:55 Coffee break + Group photo
Chairperson: Licia Ray

10:55 - 11:10 CT Jonathan NicholsUniversity of Leicester
Hubble Space Telescope observations ofJupiter’s FUV auroras during the JunoExtended Mission

11:10 - 11:25 CT James O’DonoghueJAXA Institute of Space andAstronautical Science
Global upper-atmospheric heating atJupiter by the recirculation of auroralenergy

11:25 - 11:45 IT William DunnUCL
Towards Unifying Jupiter’s X-rays withRadio, UV, Magnetic Field and PlasmaObservations

11:45 - 12:00 CT Randy GladstoneSouthwest Research Institute Juno-UVS Views of the Average JovianAurora and its Variability
12:00 - 12:20 IT

Kamolporn HaewsantatiLPAP, STAR Institute,Université de Liège, Liège,Belgium
Jupiter’s polar auroral bright spotobservations by in situ measurementsand remote sensing

12:20 - 13:50 Lunch break
Chairperson: Gabrielle Provan

13:50 - 14:05 CT Ruoyan WangUniversity of Leicester
Simultaneous Measurements of IonWinds and Neutral Flows in Jupiter’sNorthern Aurora

14:05 - 14:20 CT Tom StallardUniversity of Leicester

Jupiter’s flywheel atmosphere and whyazimuthal ion flows dominate overcorotation breakdown in the ionosphere:An explanation of simultaneousmeasurements of ion winds and neutralflows in Jupiter’s northern aurora
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14:20 - 14:35 CT
Annika SalveterInstitute of Geophysics andMeteorology, University ofCologne, Cologne, Germany

Jovian auroral electron precipitationbudget - A Statistical Analysis of Diffuse,Mono-energetic, and Broadband Auroralelectron distributions14:35 - 14:50 Future MOP presentations14:50 - 16:10 Poster lightning presentations 116:10 - 18:00 Poster session 1
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Wednesday, 13 July

Chairperson: Lucas Liuzzo

09:00 - 09:15 CT Josh WiggsLancaster University
Examining Interchange at the OuterPlanets using JERICHO: a Kinetic-Ion,Fluid-Electron Hybrid Plasma Model

09:15 - 09:40 TT Joachim SaurUniversity of Cologne Turbulence in the Magnetospheres ofthe Giant Planets
09:40 - 09:55 CT Omakshi AgiwalBoston University

The Contribution of Global PeriodicPerturbations Towards Circulation andMass Loss in Saturn’s Magnetosphere
09:55 - 10:10 CT Wayne GouldLancaster University

Detecting the Solar Wind in SaturnKilometric Radiation with MutualInformation

10:10 - 10:25 CT Joe KinradeLancaster University
Synthesising remote sensingobservations of Saturn’s global plasmadynamics: testing the relationshipbetween Saturn’s ENA and narrowbandSKR emissions.10:25 - 10:55 Coffee break

Chairperson: Chris Arridge

10:55 - 11:10 CT Anthony SciolaJohns Hopkins UniversityApplied Physics Laboratory
Particle entry, escape, and energizationat Saturn through global convection andwind-magnetosphere interaction

11:10 - 11:25 CT Simon WingJohns Hopkins University
Periodic narrowband radio waveemissions and inward plasma transportat Saturnian magnetosphere

11:25 - 11:40 CT Siyuan WuSouthern University ofScience and Technology
Cassini Observation of the 1st harmonicof Saturn Kilometric Radiation: A Casestudy

11:40 - 11:55 CT George XystourisLancaster University
Cassini Langmuir Probe observationsduring solar eclipses by Saturn and theMain Rings: photoelectrons and ringsoptical depth

11:55 - 12:10 CT
Jamie JasinskiNASA Jet PropulsionLaboratory, California Instituteof Technology.

Reconnection at Neptune’s pole-onmagnetosphere during the Voyager 2flyby
12:10 - 13:40 Lunch break

13:40 - 13:55 CT Laurent LamyLESIA, Observatoire de Paris /LAM, Aix-Marseille Université
The twisted magnetosphere of Uranusbetween solstice and equinox
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13:55 - 14:10 CT Noé ClémentLaboratoire d’Astrophysiquede Bordeaux (France)

An Assessment of the Role ofIonospheric Conductances inMagnetosphere-Ionosphere-Thermosphere Coupling at GiantPlanets, Based on Space Data andModelling Tools
14:10 - 14:25 CT Shengyi YeSouthern University ofScience and Technology

Waves from the magnetospheres ofgiant planets revealing their interactionwith solar wind14:25 - 14:40 Future MOP vote14:40 - 14:55 Community codes14:55 - 15:25 Coffee break16:30 - 18:00 Visit of Liège (Optional)18:30 - 00:00 Social dinner (Optional)
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Thursday, 14 July

Chairperson: Lorenz Roth

09:00 - 09:15 CT Howard SmithJHU APL
Defining Io’s neutral oxygen torus andmagnetospheric source with Hisakiobservations and 3-D modeling

09:15 - 09:40 TT Jamey SzalayPrinceton University
The satellite footprints in Jupiter’saurora and the processes giving rise tothem

09:40 - 09:55 CT
Stephan SchlegelInstitute of Geophysics andMeteorology, University ofCologne, Germany

Alternating emission features in Io’sfootprint tail: Magnetohydrodynamicalsimulations of possible causes
09:55 - 10:15 IT Alessandro MoiranoINAF - IAPS

Temporal variability of the Io-inducedaurorae on Jupiter: a proxy for plasmavariations in the magnetosphere10:15 - 10:45 Coffee break
Chairperson: Alessandro Mura

10:45 - 11:00 CT Baptiste CecconiObservatoire de Paris
Jovian auroral radio source occultationmodelling and application to the JUICEscience mission planning

11:00 - 11:15 CT
Marshall StyczinskiJet Propulsion Laboratory,California Institute ofTechnology, USA

Magnetic sounding of icy moons withconstraints from multiple investigations
11:15 - 11:30 CT Amanda HendrixPlanetary Science Institute Io’s Neutral Atmosphere as Observed byCassini UVIS
11:30 - 11:45 CT Kurt RetherfordSouthwest Research Institute

New Horizons Alice Observations of Io’sExtended UV Atmospheric Emissionsand Implications for Mass Loading fromthe Neutral Cloud
11:45 - 12:05 IT Ryoichi KogaNagoya University

Hisaki observation of the oxygen neutralcloud around Io’s orbit before andduring the enhancement event of Ioplasma torus12:05 - 13:35 Lunch break
Chairperson: Ali Sulaiman

13:35 - 13:50 CT Oleg ShebanitsSwedish Institute of SpacePhysics
Induced currents in Titan’s dustyionosphere

13:50 - 14:05 CT Konstantin KimSwedish Institute of SpacePhysics
Density spikes in the ionosphere of Titanas seen by Cassini-Huygens

14:05 - 14:25 IT
Corey CochraneJet Propulsion Laboratory,California Institute ofTechnology

Electromagnetic induction insideUranus’ and Neptune’s large moons
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14:25 - 14:40 CT Haje KorthJohns Hopkins Applied PhysicsLaboratory Europa Clipper Mission Update

14:40 - 14:55 CT Pontus BrandtThe Johns Hopkins UniversityApplied Physics Laboratory
PEP-Hi: Energetic Particle Investigationand ENA Imaging of the Jovian Systemand Its Icy Moons14:55 - 16:10 Poster lightning presentations 216:10 - 18:00 Poster session 2
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Friday, 15 July

Chairperson: Philippa Molyneux

09:00 - 09:15 CT Peter AddisonGeorgia Institute ofTechnology
Effect of the Magnetospheric PlasmaInteraction and Solar Illumination on IonSputtering of Europa’s Surface Ice

09:15 - 09:35 IT Camilla HarrisNASA Postdoctoral Program atJPL
Simulations of Europa’s Interaction withJupiter’s Magnetosphere

09:35 - 09:50 CT Lorenz RothKTH Royal Institute ofTechnology, Stockholm
Europa’s UV emissions from 2014-2020:Molecular atmosphere, hydrogencorona and constraints on plumes

09:50 - 10:05 CT Jamey SzalayPrinceton University H2+ pickup ions from Europa-genic H2neutrals orbiting Jupiter
10:05 - 10:20 CT Drew CoffinUniversity of Alaska Fairbanks

Examining the Europa plasmaenvironment via a multi-dimensionalphysical chemistry model10:20 - 10:50 Coffee break
Chairperson: Vincent Dols

10:50 - 11:05 CT Frederic AllegriniSouthwest Research Institute
Plasma observations during the June 7,2021 Ganymede flyby from the JovianAuroral Distributions Experiment (JADE)on Juno

11:05 - 11:20 CT
Stefan DulingUniversity of Cologne,Institute of Geophysics andMeteorology

Ganymede MHD Model:Magnetospheric Context for Juno’s PJ34Flyby
11:20 - 11:40 IT Thomas GreathouseSouthwest Research Institute UVS Observations of Ganymede’s AuroraDuring Juno Orbits 34 and 35
11:40 - 11:55 CT Shahab FatemiUmeå University, Sweden Ion dynamics at the magnetopause ofGanymede
11:55 - 12:10 CT Nawapat KaweeyanunImperial College London

Can Ganymede’s magnetopauseinteractions help us probe the moon’ssubsurface ocean?12:10 - 13:40 Lunch break
Chairperson: Aljona Blocker

13:40 - 13:55 CT George ClarkJohns Hopkins Applied PhysicsLab
Energetic Charged Particle Observationsduring Juno’s Close Flyby of Ganymede

13:55 - 14:10 CT
Rob EbertSouthwest ResearchInstitute/University of Texas atSan Antonio

Evidence for Magnetic Reconnection atGanymede’s Upstream Magnetopauseduring the PJ34 Juno Flyby
14:10 - 14:25 CT Philip ValekSouthwest Research Institute In situ ion composition observations ofGanymede’s outflowing ionosphere14:25 - 14:35 Short break
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14:35 - 14:50 CT Joachim SaurUniversity of Cologne
Alternating north-south brightness ratioof Ganymede’s auroral ovals: HubbleSpace Telescope observations during theJuno PJ34 flyby

14:50 - 15:05 CT Peter KollmannJHU/APL Ganymede’s radiation cavity andradiation belt
15:05 - 15:20 CT

Lucas LiuzzoSpace Sciences Laboratory,University of California,Berkeley
Energetic particle fluxes onto Callisto’satmosphere

15:20 - 15:35 Concluding remarks
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Poster sessions

The poster sessions on Tuesday and Thursday will take place in the "Salle des Professeurs" on the firstfloor.

Poster session 1 - Tuesday July 12

Sariah Al Saati
1 IRAP, CNRS-UPS-CNES 2 Écolepolytechnique

[P15] -Magnetosphere-Ionosphere-Thermosphere Couplingstudy at Jupiter Based on Juno First 30 Orbits and ModellingTools
Fran BagenalUniversity of ColoradoBoulder [P5] - Emptying of Jupiter’s Plasma Disk in March 2018
Aljona BlöckerLudwig Maximilian Universityof Munich (LMU)

[P8] - Plasmoids and Dipolarizations in the JovianMagnetotail: Statistical Survey of Ion Acceleration with JunoObservations
Bertrand BonfondUniversité de Liège [P23] - An overview of the radiation bursts observed byJuno-UVS above the polar regions
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Baptiste CecconiObservatoire de Paris
[P24] - A consolidated catalogue of Jovian decametric radioobservations observed in Nançay from January 1978 toDecember 1990

Frank CraryUniversity of Colorado, LASP [P1] - Transport and Ion Anisotropy in the Io plasma torus
Marie DevinatInstitut de Recherche enAstrophysique et Planétologie(IRAP)

[P16] - A new, general model for radial transport of plasma,angular momentum and energy in the magnetospheres ofJupiter and Saturn
William DunnUCL [P27] - The First Detection of X-rays from Uranus and theNext Observing Campaign
Rob EbertSouthwest ResearchInstitute/University of Texas atSan Antonio

[P9] - Plasma Observations Across Jupiter’s Southern PolarMagnetopause
Georg FischerSpace Research Institute,Austrian Academy of Sciences

[P25] - Fine and coarse spectral structures of Jovian radioemissions revealed by Juno and Cassini
Kento FurukawaTohoku university

[P4] - Localized hot electron inflow on the dusk side duringtransient brightening in Io plasma torus observed byHisaki/EXCEED
Jean-Claude GérardLPAP - STAR Institute, ULiège [P32] - H+

3 auroral densities, cooling rate and conductancefrom Juno FUV and infrared observations
David GómezUniversity of Texas SanAntonio/Southwest ResearchInstitute

[P33] -Mapping Jupiter’s Lyman-α Airglow with Juno UVS
Denis GrodentUniversité de Liège [P28] - Jupiter’s colorful hair

Antoine GroulardUniversity of Liège, Belgium [P29] - Dawn-Dusk asymmetry in Jupiter’s main auroralemissions
Hannah JoyceLancaster University [P17] - The Effects of Local Time Asymmetries in AuroralCurrents on Ionospheric Outflow at Jupiter
AdamMastersImperial College London [P20] -Magnetic reconnection near the planet as a possibledriver of Jupiter’s mysterious polar auroras
Henrik MelinUniversity of Leicester [P33] - Ionospheric heating above Jupiter’s Great Red Spot:NASA IRTF iSHELL observations
Blake MinoUniversity of Alaska Fairbanks,Geophysical Institute

[P10] - Applying Information Theory to GAMERA Simulationsof Jupiter and Saturn-like Magnetospheres
Hiroaki MisawaTohoku University [P26] - Reconsideration for causalities of occurrence featuresof Io-related Jupiter’s radio emission
Luke MooreBoston University [P34] - Chasing Shadows in Jupiter’s Ionosphere: constraintson electron density and chemical lifetime

Diego Moral PomboLancaster University [P27] - Three case studies tracking injection signatures in theUV aurora at the Jovian Southern hemisphere
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Jeffrey MorgenthalerPlanetary Science Institute
[P3] - Using Io Input/Output observatory (IoIO) observationsto determine if mass flow in Jupiter’s magnetosphere drivenby internal or external processes

Jeffrey MorgenthalerPlanetary Science Institute [P2] - Using the Io plasma torus as a probe of Io’satmosphere (yes, you read that right)
Quentin NenonIRAP-CNRS [P6] - Pitch angle distribution of MeV electrons in themagnetosphere of Jupiter
Chung-Sang NgUniversity of Alaska Fairbanks

[P11] - The Diffusion-Advection Turbulent Heating Model forGiant Planet Magnetospheres: New Results Based on JunoData
Tatphicha PromfuChiang Mai University

[P31] - Case study of Ganymede’s footprint location shifts inrespond with the volcanic eruptions at Io and the solar windcompression
Gabrielle ProvanUniversity of Leicester [P19] -Magnetosphere-ionosphere coupling at Jupiter duringJuno’s Prime mission

Licia RayLancaster University [P14] - Quasi-Static Acceleration Regions as the source ofBi-Directional Electron Beams at Jupiter
Licia RayLancaster University [P13] - Revealing the local time structure of Alfvén radii andtravel times in the Jovian Magnetosphere

Abigail RymerJHUAPL/NASA HQ Withdrawn - A Novel Source of Radiation Belt Particles atJupiter
Andrew SchokUniversity of Alaska Fairbanks [P12] -Magnetic field fluctuations in Jupiter’smagnetosphere: GAMERA model and Juno data comparison
Ali SulaimanUniversity of Iowa [P21] - Jupiter’s low-altitude auroral zones: Fields, particles,plasma waves, and density depletions
Jamey SzalayPrinceton University [P22] - Closed Fluxtubes and Proton Conics in Jupiter’s PolarCap
Emma ThomasUniversity of Leicester

[P35] - How windy are Uranus’ aurorae?: Measuringionospheric ion flows and extending the cartography of theinfrared aurorae at Uranus
Marissa VogtBoston University [P18] - Developing shared computing code for the MOPcommunity

Suwicha WannawichianChiang Mai University [P30] - Prospect of connection between Jupiter’s mainemission power and the satellites’ footprint brightness
Chongjing YuanInstitute of Geology andGeophysics, Chinese Academyof Sciences

[P7] - Energetic electron spectra at L<20 in the Jovianmagnetosphere: Observations from Galileo and Juno
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Poster session 2 - Thursday July 14

Peter AddisonGeorgia Institute ofTechnology
[P25] - Influence of Europa’s Time-Varying ElectromagneticEnvironment on Magnetospheric Ion Precipitation andSurface Weathering

Omakshi AgiwalBoston University [P5] - First Steps Towards a New Saturn Ionosphere ModelIncluding Ring-Planet Coupling and Electrodynamics
Sofia BurneIAFE, UBA - CONICET [P17] -MULTIPLE IMPACTS OF ICMES ON THE SATURN-TITANSYSTEM: T96 OBSERVATIONS REVISITED

Shane Carberry MoganNew York University [P21] - Evidence for H2 and Constraints on H2O in Callisto’sAtmosphere
Baptiste CecconiObservatoire de Paris [P11] - Effect of an interplanetary coronal mass ejection onSaturn’s radio emission

Sebastian CervantesInstitut für Geophysik undMeteorologie, Universität zuKöln
[P29] - Constraints on Europa’s subsolar atmosphere basedon a joint analysis of HST spectral images and Galileomagnetic field data

George ClarkJohns Hopkins Applied PhysicsLab
[P1] - Comprehensive Observations of MagnetosphericParticle Acceleration, Sources, and Sinks (COMPASS): ADedicated Jovian Radiation Belt Mission to Unlock theSecrets of the Solar System’s Greatest Particle Accelerator

Alexandre De BeckerHong Kong University [P37] - Analysis of the sodium jets detected on Iowith TRAPPIST
Vincent DolsLASP/Colorado University [P36] - Io’s Electron Beams

Anne-Cathrine DottInstitute of Geophysics andMeteorology, University ofCologne
[P38] - Latitudinal Variation of Io’s Sublimation AtmosphereExplained by a Model Considering Thermal Inertia

Charles HaynesGeorgia Institute ofTechnology
[P24] - Emission of Energetic Neutral Atoms at Callisto andEuropa

Vincent HueSouthwest Research Institute [P39] - The satellite auroral footprints at Jupiter: A Junoperspective
Hans HuybrighsKhalifa University

[P26] - The effect of perturbed fields, charge exchange andplumes on energetic proton depletions during the Galileoflybys of Europa
Caitriona JackmanDublin Institute for AdvancedStudies

[P12] - A statistical view of the response of Saturn’s radioemissions to solar wind driving
Thomas KimLos Alamos NationalLaboratory

[P14] - First Glimpse at Thermal Ion Properties of IndividualWater Group Ions in Saturn’s Magnetosphere
Laurent LamyLESIA, Observatoire de Paris /LAM, Aix-Marseille Université

[P34] - Determining the beaming of Io decametric emissions: a remote diagnostic to probe the Io-Jupiter interaction
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Lucas LiuzzoSpace Sciences Laboratory,University of California,Berkeley
[P4] - Formation of a tilted plasma wake at Neptune’s moon,Triton

Xuanye MaEmbry-Riddle AeronauticalUniversity
[P16] - Flux tube entropy and Flux tube content of theSaturn’s Magnetospheres

Pippa MolyneuxSouthwest Research Institute
[P19] - UV reflectance spectra of Jupiter’s icy moons:Spectral effects of surface processing by Jovianmagnetospheric plasma

Alessandro MuraINAF [P40] - Infrared images of Jupiter Aurora: 5 years ofH3
+observations at Jupiter

Go MurakamiJapan Aerospace ExplorationAgency
[P2] - Life-environmentology, Astronomy, and PlanetarYUltraviolet Telescope Assembly (LAPYUTA) mission:instrument overview and technical developments

Edward NerneyLaboratory for Atmosphericand Space Physics, Universityof Colorado Boulder, Boulder,Colorado, USA
[P32] - 3D Physical Chemistry and Emission Simulations ofthe Io Plasma Torus

Elizabeth O’DwyerDublin Institute of AdvancedStudies
[P10] -Machine Learning for the Classification of LowFrequency Extensions of Saturn Kilometric Radiation

Hadassa Raquel Peixoto
JácomeNational Institute for SpaceResearch - INPE

[P27] - Europa-induced emissions in the Nançay decameterarray’s catalog
Phillip PhippsUniversity of Maryland,Baltimore County

[P33] - Io Plasma Torus Properties Through Perijove 25 fromJuno Radio Occultations
Gabrielle ProvanUniversity of Leicester

[P8] - The Grand Finale: Cassini’s last view of Saturn’smagnetosphere-ionosphere dynamics including thePlanetary Period Oscillations.
Tianshu QinLancaster University [P7] - Transient Flashes on Saturn’s UV Aurora
Jonas RabiaInstitut de Recherche enAstrophysique et Planétologie(IRAP), CNRS-UniversitéToulouse III-CNES

[P20] - A multi-instrument, multi-event study of theinteractions between Galilean moons and themagnetosphere of Jupiter
Cristian Robert RadulescuUCL Mullard Space ScienceLaboratory

[P15] - An exploration of the Saturn magnetosphere usingpitch angle distributions
Elias RoussosMax Planck Institute for SolarSystem Research

[P22] - Transient heavy ion radiation belts at the orbits ofEuropa, Ganymede and Callisto
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Shinnosuke SatohTohoku University [P28] - A Test Particle Simulation of Jovian MagnetosphericElectrons Precipitating into Europa’s Oxygen Atmosphere
Stephan SchlegelInstitute of Geophysics andMeteorology, University ofCologne, Germany

[P31] - Density Model of the Io Plasma Torus Constrained bythe Io Footprint Positions
David StrackUniversity of Cologne,Germany

[P23] - Callisto’s moon-magnetosphere interaction: MHDparameter studies for Galileo’s C03 and C09 flyby
Ali SulaimanUniversity of Iowa [P35] - Small-scale signatures of Io’s flux tube: Evidence offilamentation?

Fuminori TsuchiyaTohoku University [P3] - LAPYUTA (Life-environmentology, Astronomy, andPlanetarY Ultraviolet Telescope Assembly) mission
Jason WinkensternUniversity of Cologne

[P30] - The Salinity of Europa’s Subsurface Ocean and theImplications on its Conductivity and Resulting InductionAmplitude
EmmaWoodfieldBritish Antarctic Survey

[P9] -Wave-Particle Interactions at Saturn: The Impact ofMultiple Wave Types on the Dynamics of Saturn’s ElectronRadiation Belt.
Siyuan WuSouthern University ofScience and Technology

[P13] - Rotational Modulation of the 20 kHz SaturnNarrowband Emissions
Rikuto YasudaTohoku University [P18] - Numerical radar simulation for the explorations of theionosphere at Jupiter’s icy moons
Zeqi ZhangImperial College London

[P6] - Secondary electron emission from the Cassinispacecraft in Saturn’s ionosphere: An alternative to chargeddust?
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Abstracts - Monday oral presentations

What has Juno Revealed about Jupiter’s Magnetosphere?

Fran Bagenal 1 KL (keynote lecture)
1 University of Colorado Boulder, USA
Juno has been orbiting Jupiter for six years, making over 40 orbits of the giant planet. The polar orbitprovided unique views of Jupiter’s aurora as well as in situ measurements of the particles and fieldsin the polar regions. Away from Jupiter, Juno made magnetospheric measurements out to∼100 RJfrom dawn to midnight to evening in local time, traversing the equatorial plasma sheet many times.At the same time, Earth-based instruments have measured auroral UV and radio emissions as well asthe upper atmosphere. This tutorial review talk summarizes what we have learned about Jupiter’svast magnetosphere from the Juno mission so far and anticipates what the extended mission mightreveal.
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Magnetosphere-Ionosphere-Thermosphere Coupling at Jupiter: Current Under-
standing and Critical Questions

Michel Blanc 1,4, Yuxian Wang 2,3,1 IT

1 Institut de Recherche en Astrophysique et Planétologie, Toulouse, France 2 State Key Laboratory ofSpace Weather, National Space Science Center, Chinese Academy of Sciences, Beijing, China
3 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing, China
4 Laboratoire d’Astrophysique de Marseille, Marseille, France
The dynamics of the Jovian magnetosphere is controlled by a complex interplay between the planet’sconducting upper atmosphere, its moons and the solar wind: anchoring of planetary magnetic fieldlines into the conducting layers of the thermosphere drags them into corotation with the planet;interactions with the solar wind superimpose on corotation a Dungey-type system of convection cells,likely significant at very high latitudes; finally, centrifugal forces acting on outward flow of Iogenicplasma induce partial sub-corotation and are believed to drive a second circulation cell, i.e. theVasyliunas cycle, connecting the middle magnetosphere to the magnetotail and magnetosphericboundaries. Exchanges of particles, momentum and energy between the planet, its moons and itsmagnetosphere resulting from the competition between these three elementary transport cycles aremediated by Magnetosphere-Ionosphere-Thermosphere (MIT) coupling processes which display bothsimilarities and differences with their Earth and Saturn counterparts:

• d.c. electric current systems and waves connecting the Jovian thermosphere-ionosphere to theequatorial magnetosphere (the plasmasheet) transfer angular momentum between the tworegions;
• a puzzling diversity of particle transport and acceleration processes, revealed by Juno observa-tions, takes place along auroral and polar magnetic field lines;
• connection of these particle acceleration processes to the complexmorphology of Jovian auroralemissions remains poorly understood;
• This interplay of current systems, waves and particle acceleration processes controls the degreeof dynamical coupling or decoupling between the Jovian plasma sheet and the two conjugateionospheres;
• Finally, momentum deposition into the thermosphere produced by high-latitude ionosphericcurrents combines with Joule heating and particle precipitation to drive large-scale meridionaland zonal wind systems which redistribute high-latitude energy deposition to other latitudes.

In this review, we will highlight what has been learnt about these four MIT coupling processes fromthe unique combination of space-borne observations, Earth-based observations and models that hasbeen prevailing during the Juno era . We will particularly emphasize:
• detailed characterizations of the key parameters of MIT coupling at ionospheric altitudes (iono-spheric conductances, current systems and energy deposition rates) made possible by multi-instrument analysis of Juno data and models;
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• comprehensive global-scale monitoring of plasma and energy transport in the Jupiter systemmade possible by JAXA’s Hisaki mission;
• direct observations of horizontal ionospheric plasma motions in the Jovian IR auroral emissionregions performed by Earth-based telescopes;
• contributions of advanced dynamic models of magnetosphere, ionosphere and thermosphereto our understanding of how this coupled system works.

We will identify some of the most critical open questions and will suggest ways to address them bymaximizing synergies between observations and modelling, from Juno’s Extended Mission to futureobservations by JUICE and other new space probes.

Structure and dynamics of Jupiter’s dawnside magnetosphere

P. A. Delamere 1, P. A. Damiano 1, B. Mino 1, A. Schok 1, K. Sorathia 2, A. Sciola 2, S. Wing 2, B.
Zhang3,4, X. Ma 5, J. R. Johnson 6, F. Bagenal 7

1 University of Alaska Fairbanks 2 JHU/APL 3 Department of Earth Sciences, the University of Hong Kong
4 High Altitude Observatory, National Center for Atmospheric Research 5 Embry-Riddle AeronauticalUniversity 6 Andrews University 7 University of Colorado
Jupiter’s dawnside outer magnetosphere can be characterized as a competition between internally-driven sunward flow and solar wind-driven tailward flow, leading to a highly variable and poorlyunderstood region of the magnetosphere. Following the Voyager I flyby, an extended region along thedawn flank was characterized as a boundary layer or magetospheric wind that was distinctly differentfrom the equatorially confined magnetodisc [Gurnett et al., 1980, Krimigis et al., 1979]. An analysis ofenergetic particle data frommultiple spacecraft led Delamere and Bagenal [2010] to refer an extendedcushion region along the dawn flank, presumed to be on closed magnetic field lines. Now, Juno’s polarorbit is ideally suited to diagnose this perplexing region of the magnetosphere. Following Huscher etal., [2021] and Phipps and Bagenal [2021], we have organized the Juno data according to distance fromthe centrifugal equator plane to understand meridional structure as well as temporal variability of themagetodisc. The Juno data will be compared with GAMERA (Grid Agnostic MHD for Extended ResearchApplications) global simulations to understand the meridional structure, with particular focus onthe role of a possible closed flux region in the dawn tail [Zhang et al., 2021]. Based on simulationresults, we consider three general processes that contribute to temporal variability in this region: 1)global-scale surface waves on the magnetopause boundary (e.g., Kelvin-Helmholtz waves), 2) plasmainjections from magnetotail processes (e.g., tail reconnection), and 3) internal magnetodisc densitystructures advecting azimuthally and radially. Finally, some of these processes may be amplified byvariations in the solar wind, which we will qualitatively address by simulating global magnetosphericresponse to simple variations in solar wind dynamic pressure.
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Azimuthal field signatures associated with magnetosphere-ionosphere coupling in
the Jovianmagnetosphere: Comparison between Juno observations and theoretical
modeling

A. Kamran 1, E. J. Bunce 1, S. W. H. Cowley 1, M. K. James 1, J. D. Nichols 1, G. Provan 1, H. Cao 2,
V. Hue 3, T. K. Greathouse 3, and G. R. Gladstone 3

1 University of Leicester, UK 2 Harvard University, USA 3 Southwest Research Institute, USA
We have analyzed magnetic field data obtained during high-altitude traversals of Jovian middlemagnetosphere field lines during the first ten northern hemisphere inbound data-taking passes bythe Juno spacecraft, for the presence of azimuthal perturbations associated with magnetosphere-ionosphere coupling currents. Full traversals from outer to inner field lines occurred on all ten passesat radial distances∼7-16 RJ (T1 traversals), followed in four cases by reversed traversals (T2) at∼4-7 RJ.Signatures of intense upward field-aligned currents were observed in all cases, closely co-located withthe statistical main auroral oval when mapped along field lines to the ionosphere. Two T1 sheets carrycurrents∼10 MA per radian of azimuth in ionospheric colatitudinal layers∼1.2°, closely comparablewith the∼8.5MA rad-1 theoretical model value of Cowley et al. 2008 (doi.org/10.5194/angeo-26-4051-2008). The remainder typically carry half the current∼5.1 MA rad-1 in layers half the width∼0.56°,thus with comparable current densities ∼425 nA m-2. The T2 currents are smaller ∼3.4 MA rad-1with current densities∼120 nA m-2, a difference that may relate to locations on opposite sides of themain oval as reflected in near-contemporaneous UV observations, though ionospheric field strengthsare not greatly different. Comparison with northern hemisphere near-periapsis currents derived byKotsiaros et al. 2019 (doi.org/10.1038/s41550-019-0819-7) on the same passes inside ∼2 RJ yieldsa cross-correlation coefficient∼0.7 with the T1 currents, though their mean values∼3.8 MA rad-1are more comparable with T2 currents than with mean T1 currents∼6.2 MA rad-1. The differencesmay have spatial, temporal, or methodological origins. At present, we are investigating the relationbetween UV auroral brightness and the field-aligned current signatures by studying concurrent JunoUVS observations and magnetic field measurements.

3D Time-Domain Multifluid Investigations of Jovian Kinetic FLR Responses

A. F. West 1, R. L. Lysak 1

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 FLR, electroninertial effects can limit the width of the structure and lead to dispersive wave trains that in turncan accelerate particles. To address this nonlinear process, we present a 3d time-domain multifluidplasma simulation of FLRs using the JRM33 magnetic field model (Connerney et al. 2021) and a plasmamass density model in a dipolar coordinate system modified to support Jupiter’s magnetic deviations.This is compared to a frequency domain solution for Jovian FLRs using a wave shooting method. Radial(M-shell) maps of the FLR frequencies and local wave power evaluate the system sensitivity to initialdriving conditions. This model approach provides the framework for deeper investigations of kineticplasma ULF wave dynamics at Jupiter.
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Modelling of polar regions: a comparison between the Earth, Jupiter, and Saturn

Binzheng Zhang IT

Hong Kong University
The polar region of a planetary magnetosphere is critical for understanding the mass, momentumand energy coupling through solar wind-magnetosphere interactions, especially for auroral emissions.The generation of an open magnetosphere is driven by the classic Dungey cycle, which appliesto the terrestrial magnetosphere but not necessarily to the giant magnetospheres rotating muchfaster than the Earth. We use three-dimensional global simulations to study the configuration ofpolar magnetospheres by considering both solar wind merging and planetary rotation. We revealthat the speed of planetary rotation, inducing strong convectional electric fields, is the key factorin determining the structure of polar magnetospheres and energy dissipations. By increasing theinfluence of planetary spin over solar windmerging, we show that the Earth-type openmagnetospheremay transit to the Jupiter-type closed magnetosphere with significant dawn-dusk and hemisphericasymmetries, and the polar aurora would eventually evolve to the Jupiter-type, with intense emissionsnear the magnetic poles. Such transition may also explain the highly dynamic auroral morphologiesobserved at Saturn, which resemble both the terrestrial and Jovian systems. This study provides atheoretical framework describing fundamentals of magnetospheric physics, which is applicable to theSaturn, Jupiter and exo-planets systems.

Particle motion and pitch angle scattering due to magnetic field curvature in the
Jovian magnetosphere

D. Millas 1, N. Achilleos 1, P. Guio 2,1, Q. Nénon 3,4

1 University College London, UK 2 The Arctic University of Norway, Norway 3 Institut de Recherche enAstrophysique et Planétologie, France 4 European Space Agency (ESA), The Netherlands
The complex morphology of the magnetospheres of the giant planets Jupiter and Saturn, and inparticular the elongated magnetodisc structure in the middle magnetosphere, have implications forthe bouncing and drifting motions of charged particles. The magnetodisc is believed to contributeto the effective ’scattering’ of the pitch angle after each equatorial crossing of charged particles(electrons, protons, heavier ions) with sufficient energy which, in turn, modifies their trajectory andmay eventually lead the particle to enter the loss cone.
Using a numerical particle tracing code, compatible with our UCL magnetodisc code, we examinethe behaviour of different charged particles in the Jovian magnetodisc, assuming different values fortheir initial energy and equatorial pitch angle. We focus on the non-adiabatic motion of adequatelyenergetic particles, whose gyroradius eventually becomes comparable to the radius of curvature ofthe local magnetic field lines.
Our results can potentially be of interest for the planning and interpretation of magnetic field andparticle data from missions such as JUICE and, in a broader context, are connected to auroral studiesrelated to the giant planet systems.
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Ionospheric Electron Densities Inferred from Juno Plasma Wave Observations

W. S. Kurth 1, A. H. Sulaiman 1, S. S. Elliott 2, J. B. Faden 1, G. B. Hospodarsky 1, J. E. P. Connerney 3,
F. Allegrini 4, P. Valek 4,5, J. H. Waite 4, S. J. Bolton 4

1 University of Iowa, Iowa City, Iowa, USA 2 University of Minnesota, Minneapolis, Minnesota, USA
3 NASA/Goddard Space Flight Center, Greenbelt, Maryand, USA 4 Southwest Research Institute, SanAntonio, Texas, USA 5 University of Texas at San Antonio, San Antonio, Texas, USA
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 they give the same value for
Ne, we gain confidence in the inference. Where possible, we compare the Waves electron densitieswith ion densities and compositions measured by JADE, with assumptions about the charge state ofthe ions and charge neutrality. Determinations of scale heights revealed a large range for these from230 km to 1700 km. However, a simple model for these based on an assumed temperature of 1000 Kand a variation in the dominant ion in the composition appears to fail. The short scale heights wouldseem to indicate H+

3 as the dominant species, but JADE compositions do not confirm this. Alternately,spatial variations may be responsible for the variations, perhaps related to the magnetic field dipangle.
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Effect of magnetospheric disturbances on Jovian radio emissions: an in situ case
study from Juno data

C. K. Louis 1, C. M. Jackman 1, A. O’Kane Hackett 1, E. Devon-Hurley 1, W. S. Kurth 2, G. Hospodarsky2,
P. Louarn 3, F. Allegrini 4,5, J. E. P. Connerney 5, D. M. Weigt 6, S. McEntee 1,7, A. R. Fogg 1, J. E. Waters
6, S. J. Bolton 8

1 School of Cosmic Physics, DIAS Dunsink Observatory, Dublin Institute for Advanced Studies, Dublin15, Ireland 2 Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa, USA 3 IRAP,Université de Toulouse, CNRS, CNES, UPS, (Toulouse), France 4 Southwest Research Institute, SanAntonio, Texas, USA 5 Department of Physics and Astronomy, University of Texas at San Antonio, SanAntonio, Texas, USA 6 Department of Physics and Astronomy, University of Southampton, HighfieldCampus, (Southampton, SO17 1BJ, UK 7 School of Physics, Trinity College Dublin, Dublin, Ireland
8 Southwest Research Institute, San Antonio, Texas, USA
During its 53-day polar orbit around Jupiter, Juno often crosses the boundaries of the Jovian mag-netosphere, namely the magnetopause and bow shock, as well as the plasma disc (located at thecentrifugal equator). The positions of the magnetopause and bow shock allow us to determine thedynamic pressure of the solar wind (using both the updated model of Joy et al. 2002 by Ranquist et al.,2020 and/or in situ data) which allows us to infer magnetospheric compression or relaxation, whilethe observations of plasma disc perturbations allows us to infer magnetospheric reconfigurations.
The aim of this study is to examine Jovian radio emissions during magnetospheric perturbations. Wethen use our analysis to determine the relationship between the solar wind and Jovian radio emissions(observed and emitted from different regions of the magnetosphere, from different mechanisms, andat different wavelengths from kilometers to decameters).
In this presentation, we show case studies for each typical case (bow shock, magnetopause andplasma disk crossings) and show that the activation of new radio sources is related to magnetosphericdisturbances. By performing a statistical study of these crossings, we hope to be able to show therelationship between the activation of new radio sources (emission intensity and extension, sourcepositions) and the solar wind (dynamic pressure, magnetic intensity, ...), with the aim of being able touse observations of planetary radio emission as a proxy for the solar wind.
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Jupiter’s Auroral Radio Emissions Observed by Cassini: Rotational Versus Solar
Wind Control, and Components Identification

P. Zarka 1,2, F. P. Magalhães 1, M. S. Marques 3, C. K. Louis 4,5, E. Echer 6, L. Lamy 1,2, B. Cecconi 1,2,
R. Prangé 1

1 LESIA, Observatoire de Paris, CNRS, PSL, Sorbonne Université, Université de Paris, Meudon, France
2 Station de Radioastronomie de Nançay, USN, Observatoire de Paris, CNRS, PSL, Université d’Orléans,Nançay, France 3 Departamento de Geofsica, Universidade Federal do Rio Grande do Norte, Natal,Brazil 4 School of Cosmic Physics, DIAS Dunsink Observatory, Dublin Institute for Advanced Studies,Dublin, Ireland, 5 Institut de Recherche en Astrophysique et Planétologie (IRAP), Université de Toulouse,CNRS, CNES, UPS, Toulouse, France 6 Instituto Nacional de Pesquisas Espaciais - INPE, São José dosCampos, Brazil
Reanalyzing Cassini radio observations performed during Jupiter’s flyby of 2000-2001, we study theinternal (rotational) versus external (solar wind) control of Jupiter’s radio emissions, from kilometerto decameter wavelengths, and the relations between the different auroral radio components. Forthat purpose, we build a database of the occurrence of Jovian auroral radio components bKOM, HOM,and DAM observed by Cassini, and then frequency-longitude stacked plots of the polarized intensityof these radio components. Comparing the results obtained inbound and outbound, as a functionof the Observer’s or Sun’s longitude, we find that HOM & DAM are dominantly rotation-modulated(i.e., emitted from searchlight-like sources fixed in Jovian longitude), whereas bKOM is modulatedmore strongly by the solar wind than by the rotation (i.e., emitted from sources more active within agiven Local Time sector). We propose a simple analytical description of these internal and externalmodulations and evaluate its main parameters (the amplitude of each control) for HOM + DAM andbKOM. Comparing Cassini and Nançay Decameter Array data, we find that HOM is primarily connectedto the decameter emissions originating from the dusk sector of the Jovian magnetosphere. HOM andDAM components form a complex but stable pattern in the frequency-longitude plane. HOM alsoseems to be related to the lesser arcs identified by Voyager. bKOM consists of a main part above 40kHz in antiphase with HOM occurrence, and detached patches below 80 kHz in phase with HOM.The frequency-longitude patterns formed by DAM, HOM and bKOM remain to be modeled. This workhas been published in : Zarka, P., Magalhães, F. P., Marques, M. S., Louis, C. K., Echer, E., Lamy, L.,Cecconi, B., and Prangé, R., Journal of Geophysical Research: Space Physics, 126, e2021JA029780,2021. https://doi. org/10.1029/2021JA029780
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Ubiquitous Jupiter fast drifting radio bursts reveal Alfvénic electron acceleration

E. Mauduit 1,2, P. Zarka 1,2, L. Lamy 1,2,3

1 LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université, Université de Paris, 5 placeJules Janssen, Meudon,92195, France 2 Station de Radioastronomie de Nançay, Observatoire de Paris,CNRS, PSL, Université d’Orléans, OSUC, route de Souesmes, Nançay, 18330, France 3 LAM, Aix MarseilleUniv, CNRS, CNES, , Marseille, France
Jovian radio emissions are a prominent signature of electron acceleration in Jupiter’s magnetosphere.These electrons can be accelerated by twomechanisms : parallel electric fields and associated potentialdrops (Louarn et al. 1990), and Alfvèn waves (Ergun et al. 2006, Bagenal et al. 2017). At Jupiter,Alfvèn waves are the most important mode involved in the far-field interaction between Jupiter andIo (Saur et al. 2004). By analogy with Earth, Ergun et al. (2006) suggested that part of the Jovianauroras could also be due to Alfvén accelerated electrons. The signature of such an accelerationhas been directly observed only for the Io-Jupiter interaction, in the form of fast drifting decametricradio bursts in the time-frequency plane - the so-called S-bursts (Hess et al., 2007a). Ground-basedradio observations obtained with the Juno-N receiver at the Nancay Decameter Array, with hightime-frequency resolution, are analyzed in this work. We developed a method, based on Fourier andRadon transforms, allowing us to automatically detect fast drifting structures in massive dynamicspectra data. We processed and analyzed one month of observations (april 2021), totalling severalterabytes of data. We detected a number of such drifting structures : part of them is related toIo-Jupiter emissions as expected, with drifts values consistent with previous studies (Hess et al. 2007b); but we also detected structures related to the Ganymede-Jupiter interaction and to the main aurora.The measured drift rates allow us to estimate electron energies and periods of the Alfvèn waves.These results bring the evidence of Alfvènic electron acceleration in the Ganymede-Jupiter circuit andabove the Jovian auroras, suggesting the ubiquity of Alfvèn wave acceleration. It opens the possibilityto remotely study them using sensitive, high time-frequency resolution radio observations.
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Numerical modelization of Jovian plasma emissions

A. Boudouma 1, P. Zarka 1,2, C.K. Louis 3, C. Briand 1, M. Imai 4

1 LESIA, Observatoire de Paris, France 2 USN, Observatoire de Paris, France 3 DIAS, Ireland 4 NationalInstitute of Technology, Niihama College, Japan
Jupiter’s magnetosphere generates two kinds of radio emissions below 40 MHz: the maser-cyclotronemissions and the plasma emissions. The first ones are produced at high magnetic latitudes (auroralregions) by out-of-equilibrium electronic distributions, with typical energies of 1-10 keV, through amechanism that directly converts the perpendicular energy of electrons into electromagnetic waves.
The second ones, much less studied, result from the conversion of electrostatic waves at ωL, ωpe,
ωUH or their harmonics, into electromagnetic waves through mode conversion mechanisms. Theirproduction involves the plasma distribution in the jovian intern magnetosphere (mainly driven by thevolcanic activity of the Io satellite), and its gradients. It is these plasma emissions that we choose tostudy here.
First, I will present the phenomenology of these emissions and their latitude-frequency distributions,determined from the first 3 years of Juno observations along its polar orbit [1]. Then I will describe themain theoretical frameworks for the generation of Jovian plasma emissions [2, 3] on which I based mymodelizations, as well as the models used to compute the electron density ne [4] and the magneticfield B [5]. The modelelization of the latitude-frequency distributions of the plasma emissions is thenpredicted as a function of several parameters (emission frequency, angle (B,∇ne), ||∇ne|, directionof the emitted wave vector) for which we have systematically explored the effects. We simplify thetreatment of the propagation of the radio waves between the source and the observer (straightline propagation, shadowing of the emission at ωpe). Finally, the comparison between the simulateddiagrams and the Juno observations is done by cross-correlation and by boolean comparisons of thelatitude-frequency occurrence areas.
I will present and interpret the main results obtained so far. For instance, we were able to deducefrom this study that theoretical frameworks describing plasma emissions at ωpe (such as [2]) predictemissions at frequencies significantly lower than those observed, while plasma emissions at 2ωUH [3]lead to diagrams quite similar to those observed.
Bibliography :
[1] C. K. Louis, P. Zarka, W. S. Kurth, K. Dabidin, P.-A. Lampson, F. P. Magalhães, A. Boudouma, M.S. Marques, and B. Cecconi. Latitudinal beaming of jupiter’s radio emissions from juno/waves fluxdensity measurements. Journal of Geophysical Research, 2021.
[2] D. Jones. Io plasma torus and the source of jovian narrow-band kilometric radiation. Nature,327(6122) :492-495, June 1987.
[3] S. F. Fung and K. Papadopoulos. The emission of narrow-band Jovian kilometric radiation. Journalof Geophysical Research, 92(A8) :8579-8593, Aug. 1987.
[4] M. Imai. Characteristics of Jovian Low-Frequency Radio Emissions during the Cassini and Voyager
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Flyby of Jupiter. PhD thesis, 2016.
[5] J. E. P. Connerney, M. H. Acuña, N. F. Ness, and T. Satoh. New models of jupiter’s magnetic fieldconstrained by the io flux tube footprint. Journal of Geophysical Research : Space Physics, 103(A6):11929-11939, 1998.
Electron signatures associatedwithmid-latitudeAlfvenwave perturbations inferred
from Juno magnetometer observations

P.A. Damiano 1, P.A. Delamere 1, A. Schok 1, D. Coffin 1 and J.R. Johnson 2

1 Geophysical Institute, University of Alaska Fairbanks, USA 2 Department of Engineering and ComputerScience, Andrews University, USA
Simulations of the Gyrofluid-Kinetic-Electron model (Damiano et al., 2019) have illustrated broadbandelectron signatures qualitatively consistent with Juno JADE and JEDI observations due to high latitudeinertial Alfvén waves (e.g. Damiano et al., 2019; Coffin et al., 2022). In the work to date, we haveassumed analytically derived perturbations with which to initialize the simulations. Correspondingly,analysis of Juno magnetometer observations illustrate an abundance of perpendicular magnetic fieldperturbations evident at mid-latitudes and a range of L shells indicative of the presence of Alfvénwaves (e.g. Lorch et al., 2022). In order to make a more quantitative assessment of the high-latitudeimpact of these perturbations, we analyze Juno MAG data to derive a few examples of perpendicularmagnetic field perturbations δB⊥(t) = δB(t)− δB||(t), where δB(t) = B(t)− Bo(t) and Bo(t) isthe background magnetic field determined from a running average. The resulting profiles of δB⊥ areused to initialize the GKE simulations at the corresponding L shell and latitude and, where feasible,the background density is set consistent with the density moment inferred from observations (e.g.Huscher et al., 2021). The simulation domain parallel to the background magnetic field encompassesfrom the top of the torus to 1.5 RJ in geocentric altitude and the resulting local and high-latitudeelectron response in the simulations are analyzed and presented.
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Structure of Zone I of Jupiter’s Main Aurora

B. H. Mauk 1, G. Clark 1, F. Allegrini 2,3, F. Bagenal 4, S. J. Bolton 2, J. E. P. Connerney 5,6, G. R.
Gladstone 2, D. K. Haggerty 1, P. Kollmann 1, W. S. Kurth 7, C. P. Paranicas 1, A. H. Sulaiman 7, J.
Szalay 8

1 The Johns Hopkins University Applied Physics Laboratory, Laurel, Maryland, US 2 Southwest ResearchInstitute, San tonio, Texas, USA 3 Physics and Astronomy Department, University of Texas at SanAntonio, Texas, USA 4 University of Colorado, LASP, Boulder, Colorado, USA 5 NASA Goddard SpaceFlight Center, Greenbelt, Maryland, USA 6 Space Research Corporation, Annapolis, Maryland, US
7 Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa, USA 8 Department ofAstrophysical Sciences, Princeton University, NJ, USA
Based on Juno-measured energetic particles with electron energies >30 keV and ion energies >50 keV,three regions with substantial UV auroral emissions were defined for Jupiter’s main aurora (Mauk etal., 2020): the low-latitude diffuse aurora, a mid-latitude Zone I of downward electron acceleration,and a higher latitude Zone II of bi-directional electron acceleration. These definitions are refined bySulaiman et al. (2022, submitted). Zone I and Zone II are associated with upward and downwardelectric currents, respectively. In the original study, each of the two Zones were represented as beingbi-modal (although that term was not used). In Zone I we sometimes observe downward electroninverted-V electrostatic acceleration and sometimes broadband acceleration with greater energyfluxes. Using Juno JADE plasma data, Szalay et al. (2020) recently revealed that in Zone I, upwardion electrostatic acceleration below the spacecraft can co-exist with downward broadband electronacceleration above the spacecraft. Here we ask the question: does downward electrostatic electronacceleration always accompany even the broadband-generated Zone I auroral emissions? We notethat many Zone I ion auroral structures cannot be fully characterized with the Juno plasma sensorbecause of a dependence on spacecraft rotation for angular coverage. Herewe bring to bear a differention data product with several deficiencies compared to JADE data, but with angular sampling occurringat the same cadence as that used for the electrons. That product is the Juno JEDI time-of-flight xpulse-height (TOFxPH) data with proton energies measured down to 10 keV. We find the following: 1)We verify that upward electrostatic ion acceleration below the spacecraft can coexist with downwardbroadband electron acceleration above the spacecraft. 2) Sometimes in Zone I broadband regionsthere are no measureable upward ion fluxes above 10 keV. 3) During transitions between electrostaticand broadband acceleration, upward ion electrostatic acceleration can disappear to being no largerthan 10 keV as compared to downward electron characteristic energies of several hundred keV. 4)During those same transitions, the upward ion acceleration can be replaced with upward conic iondistributions without evidence of electrostatic acceleration. There appears to be a continuum betweenthe two states in Zone I.
Mauk, B. H., et al., (2020), JGR, doi:10.1029/2019JA027699 Sulaiman, A. H. et al. (2022), JGR, submitted.Szalay, J. R. et al., (2021), GRL, doi:10.1029/2020GL091627
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Magnetosphere-Ionosphere Coupling in Jupiter’s Polar Caps: Implications for Mega-
volt Potentials

R. L. Lysak1, Y. Song1, B. Mauk2, A. Sulaiman3, G. Clark2, S. Elliott1, W. Kurth3, F. Bagenal4

1 University of Minnesota, Minneapolis, MN, USA 2 Johns Hopkins University Applied Physics Lab,Laurel, MD, USA 3 University of Iowa, Iowa City, IA, USA 4 University of Colorado, Boulder, CO, USA
Observations from the Juno satellite indicate the presence of large potential drops of over 1 Megavoltaccelerating ions downward over the polar cap regions (Clark et al., 2017; Mauk et al., 2020). Sincethe field-aligned currents in this region are very weak, it is difficult to understand how such potentialscan be generated and maintained. We have developed a simple model of magnetosphere-ionospherecoupling that provides a framework for understanding these potentials. The co-rotation of Jupiter’smagnetosphere with the planet provides an electromotive force (emf) that can act as the generatorof field-aligned currents. This model indicates that currents up to 0.1 µA/m2 could be generatedby the corotation and that a perpendicular potential of over 10 MV can be generated in a patch ofcorotation that extends 10°in latitude. However, depending on the value of the ionospheric Pedersenconductance, this emf can be shorted out by the development of a polarization electric field. Todetermine the degree of this polarization, we assume that the magnetospheric response to thisperturbation is characterized by an effective impedance of the flux tube, which depends on the flowvelocity in the outer magnetosphere if the flux tube is closed or the solar wind speed if it is open.A parallel potential drop can be maintained when the drift velocity of the electrons exceeds theirthermal speed, leading to the development of plasma turbulence or double layers. This conditioncould require that the plasma densities are very low, the order of 10-2 cm-3. Observations from theWaves instrument indicate that this may indeed be the case at times over the polar cap, while recentobservations from JADE also indicate depletions over the polar cap (Pollock et al., 2020). Furtheranalysis including models of the current-voltage relationship and conditions for the formation ofdouble layers for this downward current region will be discussed.
Clark, G., et al. (2017), Energetic particle signatures of magnetic field-aligned potentials over Jupiter’spolar regions, Geophys. Res. Lett., 44, 8703-8711, doi:10.1002/2017GL074366
Mauk, B. H., et al. (2020). Energetic particles and acceleration regions over Jupiter’s polar cap andmain aurora: A broad overview. Journal of Geophysical Research: Space Physics, 125, e2019JA027699.
https://doi.org/10.1029/2019JA027699

Pollock, C. J., et al. (2020). A persistent depletion of plasma ions within Jupiter’s auroral polar caps.Geophysical Research Letters, 47, e2020GL090764. https://doi.org/10.1029/2020GL090764
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Juno’s highest energy particle observations at Jupiter

Heidi N. Becker1, James W. Alexander1, John E.P. Connerney2,3, Martin J. Brennan1, Alexandre
Guillaume1, Virgil Adumitroaie1, Meghan M. Florence1, Peter Kollmann4, Barry H. Mauk4, and Scott
J. Bolton5

1 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California, USA 2 SpaceResearch Corporation, Annapolis, Maryland, USA 3 NASA Goddard Space Flight Center, Greenbelt,Maryland, USA 4 Applied Physics Laboratory, The Johns Hopkins University, Laurel, Maryland, USA
5 Southwest Research Institute, San Antonio, Texas, USA.
Juno has discovered magnetically trapped >125 MeV protons and GeV Z>1 ions between∼18°-46° mag-netic latitude at the inner edge of Jupiter’s electron belt (radial distances of 1.12-1.41 Jovian radii)(Becker et al., 2021). These particles are detected as penetrating radiation signatures in the images ofJuno’s Stellar Reference Unit (SRU) star camera. Detections have occurred while Juno is magneticallyconnected to Jupiter’s halo and gossamer rings, but not its main ring; a behavior reminiscent ofthe equatorial observations of high energy carbon and sulfur by the Galileo Probe. The energy andmorphology of the ionization signatures allows us to constrain the GeV ions to species of 2≤ Z≤ 8,with possible additional contributions from species as heavy as sulfur. We will discuss this evolvingSRU investigation as well as recent relativistic electron observations in the region local to Ganymede’sorbit.
Becker, H. N., et al. (2021). High latitude zones of GeV heavy ions at the inner edge of Jupiter’srelativistic electron belt. Journal of Geophysical Research: Planets, 126, e2020JE006772. https:
//doi.org/10.1029/2020JE006772

The effect of Z-mode waves on the electron radiation belt at Jupiter.

E. E. Woodfield 1, S. A. Glauert 1, J. D. Menietti 2, R. Blyth 3, R. B. Horne 1, A. J. Kavanagh 1, Y. Y.
Shprits 4,5

1 British Antarctic Survey, UK 2 University of Iowa, USA 3 Formerly at British Antarctic Survey, UK 4 GFZPotsdam, Germany 5 UCLA, USA
It has been shown that acceleration of electrons by Z-mode waves is an important mechanism inthe radiation belts of Saturn, particularly in the region inside the orbit of the moon Enceladus. Thisregion has a very low plasma density in the presence of a relatively strong magnetic field resultingin a low ratio of the plasma frequency to the electron gyrofrequency. These plasma conditions arehighly conducive to the presence of Z-mode waves and to strong wave particle interactions of thosewaves with the electrons. A similar region is thought to exist at Jupiter, inside the orbit of Io wherethe plasma density is expected to be very low and the magnetic field is very strong. This region hasvery little data at low latitudes, but the Juno spacecraft has been collecting Z-mode wave data at thehigher latitudes as surveyed in recent published work. We use the available data and comparisonswith similar density scenarios at Saturn to investigate the effect of the Z-mode waves on the electronsat Jupiter using quasi-linear modelling techniques. In this presentation we discuss the results of theseinvestigations on the electron populations in the most intense region of Jupiter’s radiation belts.

38

https://doi.org/10.1029/2020JE006772
https://doi.org/10.1029/2020JE006772


Juno Observations of Jupiter’s Synchrotron Emission and Radiation Belts

Scott Bolton1, Steve Levin2, Daniel Santos-Costa1, Heidi Becker2, Virgil Adumitroaie2, Zhimeng
Zhang3, James Alexander2

1 Southwest Research Institute, San Antonio, TX USA 2 Jet Propulsion Laboratory, Pasadena, CA USA
3 Caltech, Pasadena, CA USA
Juno is in a close polar orbit that passes through Jupiter’s inner radiation belts providing in-situmeasurements of high energy particles and dust as well remote measurements of the synchrotronemission from its unique perspective. The Juno Microwave Radiometer (MWR) measures the radioemission in 6 channels, at wavelengths ranging from approximately 1.4 to 50 cm, with 100ms samplingthroughout each spin of the spacecraft. There is a long history of Earth based observations of Jupiter’ssynchrotron emission using single dish radio telescopes and interferometric arrays such as the VLA.Earth based observations are constrained in viewing geometry as well as frequency due to confusionby Jupiter’s atmospheric thermal emission which becomes a significant noise source at wavelengthsbelow about 5 cm. The Juno data set provides a remarkable view of the Jovian synchrotron emissionover awide range of viewing angles, from inside the radiation belts, and provides ameans of separatingatmospheric thermal emission from synchrotron emission. While the MWR synchrotron data set isunprecedented, the size and variety of the data set also make analysis complex. Results from MWRwill be presented along with companion data from Juno’s radiation monitoring program. The Initialresults comparing data against models will be presented.

A source of very energetic oxygen in Jupiter’s innermost radiation belts

Elias Roussos 1, Christina Cohen 2, Peter Kollmann 3, Marco Pinto 4, Norbert Krupp 1, Patricia
Gonçalves 5, Konstantinos Dialynas 6

1Max Planck Institute for Solar SystemResearch, Goettingen, Germany. 2Space Radiation Lab, CaliforniaInstitute of Technology, Pasadena, CA, USA 3 Johns Hopkins Applied Physics Laboratory, Laurel, MD,USA. 4 ESA/ESTEC, The Netherlands 5 Laboratory of Instrumentation and Experimental Particle Physics,Lisbon, Portugal. 6Office of Space Research and Technology, Academy of Athens, Athens, Greece.
Jupiter hosts the most hazardous radiation belts of our solar system that, besides electrons andprotons, trap an undetermined mix of heavy ions. The details of this mix are critical to resolve becausethey can reveal the role of Jupiter’s moons relative to other less explored energetic ion sources. Here,we show that with increasing energy and in the vicinity of Jupiter’s moon Amalthea, the belts’ ioncomposition transitions from sulfur- to oxygen-dominated due to a local source of, multiply charged,
≥50MeV/nucleon oxygen. Contrary to Earth’s and Saturn’s radiation belts, where their most energeticions are supplied through atmospheric and ring interactions with externally accelerated cosmic rays,Jupiter’s magnetosphere powers this oxygen source internally. The underlying source mechanism,involving either Jovian ring spallation by magnetospheric sulfur or stochastic oxygen heating by low-frequency plasma waves, puts Jupiter’s ion radiation belt in the same league with that of astrophysicalparticle accelerators.
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Open science questions in the radiation belts of Jupiter

Q. Nénon 1, G. Clark 2, I. Jun 3, P. Kollmann 2, L. Liuzzo 4, B. Mauk 2, T. A. Nordheim 3, A. R. Poppe 4,
E. Roussos 5, Y. Y. Shprits 6,7, D. L. Turner 2, E. E. Woodfield 8 IT

1 IRAP-CNRS, Toulouse, France 2 JHU-APL, Laurel, USA 3 NASA-JPL, Pasadena, USA 4 U.C. Berkeley-SSL, Berkeley, USA 5 Max Planck Institute for Solar System Research, Göttingen, Germany 6 GermanResearch Center for Geoscience, GFZ-Potsdam, Germany 7 Institute for Physics and Astrophysics,University of Potsdam, Germany 8 British Antarctic Survey, Cambridge, UK
Our understanding of radiation belts in the solar system has been revolutionized by the Van AllenProbes at Earth, Cassini at Saturn, and Galileo and Juno orbiters at Jupiter. In addition, Clipper andJUICE will offer a new view of the Jovian radiation belts in the next decade. In this presentation,we build upon this legacy to show that the radiation belts of Jupiter will nevertheless keep moreof their secrets hidden. We rely on the comparison with other planets and on the heritage of pastmissions to Jupiter to formulate seven critical scientific questions that need to be addressed to achievephysical understanding beyond phenomenological characterization. We highlight why these sevensecrets are worth unveiling not only for magnetospheric physics and space physics, but also for thefields of astrophysics and planetary science. In particular, the radiation belts of Jupiter represent theclosest analogue within our solar system to some distant astrophysical accelerators, they enable thestudy of fundamental high-energy plasma physics, such as adiabatic charged particle acceleration andwave-particle interactions, and they impact the surfaces and subsurfaces of icy moons. Finally, wepresent the measurements required to close these outstanding questions.

40
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Auroral Acceleration Processes at the Giant Planets

R. L. Lysak 1 KL

1 University of Minnesota, Minneapolis, MN, USA
The auroral emissions at Jupiter and Saturn appear to share many of the basic processes that havealso been studied at Earth. However, the aurora at each planet varies in how these processes aredriven. A variety of plasma processes are associated with auroral acceleration: 1 direct accelerationby parallel electric fields, either distributed along the field line or localized in a strong double layer;
2 parallel acceleration by wave processes, particularly due to the presence of kinetic Alfvén waves orwhistler mode waves that can interact with electrons at the Landau resonance; 3 ion acceleration atcyclotron resonances, that can give rise to ion conic distributions; and 4 acceleration by stochasticfields, such as multiple charge clumps/holes or weak double layers. The formation of all of these formsof parallel electric fields is associated with strong field-aligned currents, and so auroral accelerationgenerally depends on the generation of these currents. At Earth, the solar wind-magnetosphereinteraction drives the magnetospheric convection that is associated with the region-1 current system,while transient effects such as magnetospheric substorms drive field-aligned currents that form theso-called substorm current wedge. At Jupiter, the solar wind source is minor, and the primary driverof the main current system is the breakdown of co-rotation. Juno observations have indicated thatthe currents consist of into a more equatorial Zone I upward current region and a poleward Zone II,that is largely downward current but frequently shows bidirectional distributions. Zone I containsboth monoenergetic acceleration as well as broadband acceleration, likely due to wave processesor stochastic fields. This zone is reminiscent of the upward region 1 currents in the pre-midnightsector on Earth. However, the waves that produce the broadband acceleration are not always seenin this region, leading to the suggestion that they are damped out before reaching Juno altitudes.The Zone II region is primarily downward currents, but also contains strong broadband accelerationproducing auroral emissions, unlike at Earth where the downward current regions are usually dark.In addition, at Jupiter, auroral emissions are also associated with the Galilean moons, particularlyIo. These emissions are dominated by acceleration due to Alfvén waves excited by the motion ofthe moon through Jupiter’s magnetosphere. Although Saturn’s auroral zone have not been as wellobserved, there were a few passes over the auroral zones during the last year of Cassini operationswhen the satellite came closer to the planet. These observations indicate that Saturn represents amiddle ground between Earth and Jupiter, with the aurora being largely driven by co-rotation whilethe upward and downward current regions are structured more like those at Earth. Therefore, whilethere are some similarities between the basic mechanisms of auroral acceleration at the three planets,the conditions under which the auroral field-aligned currents are driven are unique to each planet.
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Identifying jovian X-ray auroral families: tying the morphology of X-ray emission to
associated magnetospheric dynamics

D. M. Weigt 1, C. M. Jackman 2, D. Moral-Pombo 3, S. V. Badman 3, C. K. Louis 2, W. R. Dunn 4, S. C.
McEntee 2,5, G. Branduardi-Raymont 4, M. F. Vogt 6, C. Tao 7, G. R. Gladstone 8,9, R. Kraft 10, W. S.
Kurth 11, J. E. P. Connerney 12,13

1 University of Southampton, UK 2 Dublin Institute for Advanced Studies, Ireland 3 Lancaster University,UK 4 Mullard Space Science Laboratory, University College London, UK 5 Trinity College Dublin, Ireland
6 Boston University, USA 7 National Institute of Information and Communications Technology, Japan
8 Southwest Research Institute, USA 9 University of Texas at San Antonio, USA 10 Harvard-SmithsonianCenter for Astrophysics, USA 11 University of Iowa, USA 12 Space Research Corporation, USA 13 NasaGoddard Space Flight Center, USA
Many recent studies have found that using the single hot spot nomenclaturemay not be representativeof the brightest jovian X-ray auroral emissions, implying there may be more than one auroral driver.We explore this idea further by separating the concentrated X-ray emissions found from Chandrawithin the northern auroral region into physics-informed ’X-ray auroral families’, with particular focuson Juno-era observations (24 May 2016 - 8 September 2019) . We define five X-ray families based ontheir location with respect to the UV main oval: X-ray noon, dusk, polar region, dawn, and the lowlatitude extension (LLE) region.
To avoid observation bias, we analyse emissions over a∼3-hour interval within a central meridianlongitude (CML) range of 80◦ - 250◦. We compare the distribution of auroral photons within eachfamily to magnetospheric dynamics found from simultaneous UV Hubble Space Telescope (HST), Juno(Waves and MAG) data and inferred solar wind conditions from a 1D MHD propagation model to inferthe state of the magnetosphere during each Chandra window. We find two distinct categories of X-raymorphology from our family definitions: fully polar aurora and low latitude emissions (e.g. when LLEphoton distribution> 10% of all auroral emissions). From our visibility modelling of each X-ray family,all five families rotate into view between our CML range.
Therefore, we suggest the non-uniform distribution of X-ray auroral photons across all observationsis likely associated with the switching on/off of magnetospheric drivers opposed to visibility effects(e.g. planetary tilt). Our preliminary results suggest that fully polar aurora emissions are likely tooccur during or just after a compression event, from comparison between the UV dynamics andX-ray behaviour, agreeing with in situ Juno data. We therefore suggest that using a combination ofUV-X-ray auroral dynamicsmay provide us with a possible proxy tomonitor solar wind/magnetosphericconditions when an upstream monitor is absent.
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Long-term exploration of Chandra X-ray observations of Jupiter: equatorial and
auroral emissions

S. C. McEntee 1,2, C. M. Jackman 1, D. M. Weigt 3, W. R. Dunn 4, V. Kashyap 5, R. Kraft 5, C. K. Louis 1,
G. Branduardi-Raymont 4, G. R. Gladstone 6,7, P. T. Gallagher 1,2

1 School of Cosmic Physics, DIAS Dunsink Observatory, Dublin Institute for Advanced Studies, Dublin 15,Ireland 2 School of Physics, Trinity College Dublin, Dublin, Ireland 3 School of Physics and Astronomy,University of Southampton, Southampton, UK 4 Mullard Space Science Laboratory, Department ofSpace and Climate Physics, University College London, Dorking, UK 5 Harvard-Smithsonian Centerfor Astrophysics, Smithsonian Astrophysical Observatory, Cambridge, MA, USA 6 Space Science andEngineering Division, Southwest Research Institute, San Antonio, TX, USA 7 Department of Physicsand Astronomy, University of Texas at San Antonio, San Antonio, TX, USA
We present the outputs of a new pipeline to analyse observations of Jupiter taken by the Chandra X-rayObservatory (CXO) over∼ 2 decades. New processing techniques have been developed that optimisethe oblateness of Jupiter by incorporating data from the JPL Horizons program to better constrainthe limb of the planet. We also showcase a new Pulse Invariant (PI) filtering method which accountsfor Chandra instrument degradation over the span of the observations. This method also limitsbackground contamination by filtering over PI channels where the source dominates the background.We then present two applications of this pipeline;

1. A statistical study of the X-ray emissions emanating from Jupiter’s disk region using 19 yearsof CXO observations. Previous work has suggested that these emissions are consistent withsolar X-rays elastically scattered from the planet’s upper atmosphere. We compare the CXOresults with data from the Geostationary Operational Environmental Satellites (GOES) X-raySensor (XRS), which provides solar X-ray fluxes for the wavelength band 1-8 Å(long channel), toquantify the correlation between solar activity and jovian disk counts. Initial results show a poorstatistical correlation between the data-sets, even when restricting for Earth-Sun-Jupiter (ESJ)angle, which may be a result of the increasing degradation of the instrument. The high spatialresolution on board the CXO enabled the disk morphology to be studied and compared withsurface magnetic field data from the JRM09 (Juno Reference Model through Perijove 9) internalfield model. We identify a preference of jovian disk emission at∼ 3-5 Gauss surface magneticfield strength, suggesting that the production mechanism of the jovian disk X-ray emissions ismore complex than previously thought.
2. Preliminary analysis from a recent CXO campaign that took place from July-October 2021 consist-ing of 8 Chandra observations of Jupiter with a total exposure time of 504 ks (140 hours). Theseobservations coincided with Juno orbiting into the dusk magnetosphere of Jupiter, thought tobe the most likely source region for driving of jovian auroral X-rays. One leading theory for thedriver of these emissions is Ultra Low Frequency (ULF) waves propagating along jovian magneticfield lines due to processes on the dusk flank of the magnetosphere. This campaign presentsthe first ever opportunity for contemporaneous in situ and X-ray observations at this location.We present the first images and timing analysis from these observations.
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Two decades of Jupiter’s X-ray emissions as measured by XMM-Newton’s RGS and
EPIC instruments

A.D. Wibisono 1,2, G. Branduardi-Raymont 1,2, A.J. Coates 1,2, W.R. Dunn 1,2

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, GowerStreet, London, UK
XMM-Newton has helped to revolutionise our understanding of Jupiter’s X-ray emissions over thelast 2 decades. For example, data from the X-ray observatory revealed that electron bremsstrahlungis responsible for the high energy (hard) X-rays from the planet’s aurora and that these emissionstend to be brighter at the south than the north, contrary to the low energy (soft) X-ray emissions(Branduardi-Raymont et al., 2007). More recently, these hard X-ray emissions have been found tobrighten with the appearances of dawn storms and injection events in the UV aurora and that theremay have been more than one source of electrons precipitating at the time (Wibisono et al., 2021).Spectral analysis of Jupiter’s aurorae with XMM-Newton confirmed that an important source for thesoft X-ray emissions were precipitating high charge state oxygen ions (Branduardi-Raymont et al.,2004). Finally, XMM-Newton has sometimes observed the soft X-ray aurora to pulse with periods oftens of minutes - some of those times, the poles pulse independently of each other (Dunn et al., 2017)while at other times they do so in unison (Wibisono et al., 2020). Comparing remote observations byXMM-Newton and in-situ measurements by Juno shows the importance of wave-particle interactionsin the production of these pulsations (Yao & Dunn et al., 2021; Dunn & Yao et al., submitted).
All those discoveries were made using data from XMM-Newton’s European Photon Imaging Camera(EPIC) instrument. Jupiter data from the second X-ray instrument on board XMM-Newton, the Reflec-tion Grating Spectrometer (RGS), have largely been untouched with only those from November 2003having been analysed. RGS allows for high resolution spectral analysis of the soft X-rays. Results fromthose early observations showed that the oxygen emission lines at 0.7 keV that dominate Jupiterauroral spectra have a broad component. The widths of those lines suggest that the oxygen ions wereprecipitating with speeds of the order of 5000 km/s and energies of 2.5 MeV (Branduardi-Raymontet al., 2007).
We present our initial results from the analysis of 17 observations spanning a period of almost 20 yearsby EPIC and RGS: we examine the sequence of RGS spectra gathered over the years and present fits ofthese high resolution data. We also demonstrate how Jupiter’s equatorial X-ray emissions (mainly dueto Thomson elastic scattering of solar X-rays) correlate with the solar activity over two of its cycles.
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Shedding New Light on the Enigmatic Motions of Jupiter’s Auroral Main Emission

M. J. Rutala 1, J. T. Clarke 1, M. F. Vogt 1, J. D. Nichols 2

1 Center for Space Physics, Boston University, Boston USA 2 University of Leicester, UK
Within Jupiter’s omnipresent auroral main emission, several small-scale transient phenomena existwith brightnesses and apparent motions that significantly differ from the main emission at large.The dawn storms, one of the most striking of these phenomena, are much brighter than the typicalmain emission and appear to lag behind corotation by >30%. The origins of these small-scale auroralfeatures within Jupiter’s coupled magnetosphere-ionosphere system is uncertain, and the drivers oftheir subcorotational motion are largely open questions. The Jovian aurorae are frequently used asan observable TV screen through which the state of the dynamic magnetosphere is displayed, andunderstanding the origins and drivers of specific parts of the main emission aurora is essential tointerpreting this message. Here, we present measurements of these short-term variations in the mainemission using over 140 hours of archival Hubble Space Telescope (HST) observations and characterizehow the main emission varies in time, as a function of location. To handle the nearly 400 orbits ofHST exposures, we have developed routines to automatically create keograms of the main emissionand identify and track auroral features therein. Using this technique, we have constructed one ofthe first statistical surveys of the Jovian main emission to focus on the short-term evolution of theaurorae. We focus first on the dawn sector, to address the enigmatic motions of Jupiter’s auroraldawn storms. Here, we find that auroral features in Jupiter’s remotely-observable dawn sector (6-9LT) lag behind corotation more frequently than would be expected if only dawn storms- which arehistorically rare, occurring in just∼10% of previous observations- lagged behind corotation. Further,we find no apparent correlation between brightness and corotation rate, indicating that some dimauroral features behave similarly to the bright dawn storms. Multiple physical factors may influencethis observed motion, but we focus on the effects of the solar EUV modulation of Jupiter’s ionosphericconductance, which changes suddenly near the dawn terminator. To further explore these effects onthe local time evolution of the main emission, we extend this survey across the main emission andcompare auroral brightness and evolution directly to in-situ measurements of the equatorial plasmavelocity and theory. The resulting correlations show where the apparent motion of auroral features isrelated to the motions of the equatorial plasma and the estimated background conductance of theionosphere. Taking this together, we present a coherent picture of the local time evolution of auroralfeatures in Jupiter’s main emission and the physical processes responsible for them.
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Hubble Space Telescope observations of Jupiter’s FUV auroras during the Juno
Extended Mission

J. D. Nichols 1 F. Bagenal 2 B. Bonfond 3 J. T. Clarke 4 S. W. H. Cowley 1 G. R. Gladstone 5 D. C. Grodent3
R. Lysak 6 G. S. Orton 7

1 University of Leicester 2 University of Colorado at Boulder 3 Université de Liège 4 Boston University
5 Southwest Research Institute 6 University of Minnesota - Twin Cities 7 Jet Propulsion Laboratory
We present Hubble Space Telescope observations of Jupiter’s far-ultraviolet auroras obtained aspart of a programme of observations covering 3 years of Juno’s Extended Mission, GO-16675. Theobservations obtained to date were scheduled near to PJs 37 (October 2021), 38 (November 2021) and42 (May 2022). The aim of the observations presented is to compare the auroral emissions with insitu Juno measurements in the equatorial middle magnetosphere region inside∼30 RJ. Of particularinterest are comparison of equatorward diffuse emission with electron populations near Europa,and of the main emission intensity and latitude with plasma and magnetic field data in the middlemagnetosphere. The latter will shed light on the relation between the main auroral emission andmagnetosphere-ionosphere coupling currents, and radial force balance in the magnetosphere. In thispresentation we discuss the preliminary results from the observations obtained to date.
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Global upper-atmospheric heating at Jupiter by the recirculation of auroral energy

O’Donoghue, James 1,4, Moore, Luke 2, Bhakyapaibul, Tanapat 2, Melin, Henrik 3, Stallard, Tom 3,
Connerney, Jack 4,5, Tao, Chihiro 6

1 JAXA, Department of Solar System Science ISAS, Sagamihara, Japan 2 Center for Space Physics, BostonUniversity, Boston,Massachusetts, USA 3 Department of Physics and Astronomy, University of Leicester,Leicester, UK 4 NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA 5 Space ResearchCorporation, Annapolis, MD 21403, USA 6 National Institute of Information and CommunicationsTechnology (NICT), Tokyo, Japan
Jupiter’s upper atmosphere is significantly hotter than expected based on the amount of solar heatingit receives. This temperature discrepancy is known as the ’energy crisis’ due to it’s nearly 50-yearduration and the fact it also occurs at Saturn, Uranus and Neptune. At Jupiter, magnetosphere-ionosphere coupling gives rise to intense auroral emissions and enormous energy deposition in themagnetic polar regions, so it was presumed long ago that redistribution of this energy could heat therest of the planet. However, most global circulationmodels have difficulty redistributing auroral energyglobally due to the strong Coriolis forces and ion drag on this rapidly rotating planet. Consequently,other possible heat sources have continued to be studied, such as heating by gravity and acousticwaves emanating from the lower atmosphere. Each global heating mechanism would imprint aunique signature on global temperature gradients, thus revealing the dominant heat source, but thesegradients have not been determined due a lack of planet-wide, high-resolution data. The last globalmap of Jovian upper-atmospheric temperatures was produced using ground-based data taken in 1993,in which the region between 45°latitude (north & south) and the poles was represented by just 2 pixels.As a result, those maps did not (or could not) show a clear temperature gradient, and furthermore,they even showed regions of hot atmosphere near the equator, supporting the idea of an equatorialheat source, e.g. gravity and/or acoustic wave heating. Therefore observationally and from amodelingperspective, a consensus has not been reached to date. Here we report new infrared spectroscopyof Jupiter’s major upper-atmospheric ion H+

3 , with a spatial resolution of 2o longitude and latitudeextending from pole to equator, capable of tracing the global temperature gradients. We find thattemperatures decrease steadily from the auroral polar regions to the equator. Further, during a periodof enhanced activity possibly driven by a solar wind compression, a high-temperature planetary-scalestructure was observed which may be propagating from the aurora. These observations indicate thatJupiter’s upper atmosphere is predominantly heated via the redistribution of auroral energy, andtherefore that the influences of Coriolis forces and ion drag are observably overcome.

47



Towards Unifying Jupiter’s X-rays with Radio, UV, Magnetic Field and Plasma Obser-
vations
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In 1979, while the Voyager spacecraft were undertaking their paradigm-shifting multi-instrumentexplorations of the Jovian system, the Einstein X-ray observatory was also taking the first X-ray imagesof the planet (Metzger et al. 1983). Two decades later, the launch of the highly complementaryChandra and XMM-Newton X-ray observatories ushered in the modern era of X-ray astronomy. Thesecutting-edge astrophysics platforms uncovered a treasure trove of high energy astrophysical emissionsfrom Jupiter. In particular, at the poles, they revealed a variety of vibrant aurorae: impulsive auroralflares which occur with a regular periodic beat every few 10s of minutes (Gladstone et al. 2002);flickering dim ion aurora (Dunn et al. 2020); electron bremsstrahlung aurora from along the mainemission (Branduardi-Raymont et al. 2004; 2008) and hints of a transient electron aurora coincidentwith auroral injection events (Wibisono et al. 2021).
In this talk, we explore connections between these X-ray auroral emissions and in-situ waves, plasmaand magnetic field measurements by Juno (e.g. Yao & Dunn et al. 2021) and UV observations by theHubble Space Telescope. We show that the impulsive bursts of auroral X-rays share the sameperiodicitywith kHz radio emissions and UV flares from the auroral zone and electromagnetic ion cyclotron waves,and anti-phase variations in the plasma and magnetic field, which may be indicative of slow mode ormirror mode waves. We will speculate on how these shared multi-waveband periodicities may becausally linked.
We will also show overlaid X-ray and UV aurora videos, that explore further auroral connectionsbetween the UV and X-ray aurora, highlighting shared morphology and timing signatures between the
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two wavebands. Particularly, this reveals connections between emissions in the active region, on theboundary of the swirl region and in the dark polar region.
Finally, we close the talk by touching on other potentially transformative X-ray capabilities for theouter planets including: direct imaging of the radiation belts by Suzaku (e.g. Numazawa et al. 2021),direct imaging of planetary magnetosheaths, and the elemental fingerprint fluorescence glow fromthe surfaces of the Galilean satellites, produced through moon-plasma interactions (e.g. Nulsen et al.2020).

Juno-UVS Views of the Average Jovian Aurora and its Variability

G. R. Gladstone 1,2, T. K. Greathouse 1, M. H. Versteeg 1, V. Hue 1, J. A. Kammer 1, R. S. Giles 1, J.-C.
Gérard 3, D. C. Grodent 3, B. Bonfond 3

1 Southwest Research Institute, San Antonio, TX, USA 2 University of Texas at San Antonio, San Antonio,TX, USA 3 LPAP, STAR Institute, Université de Liège, Liège, Belgium
Using high-spatial resolution UVS data from over forty different Juno perijoves, we have made aver-age (and variance) maps for the northern and southern auroras of Jupiter, for a range of sub-solarlongitudes. While the auroral brightness and color ratio maps for individual perijoves can be strikinglydifferent, the average maps allow features that are nearly always present, but are relatively faint, tostand out. In contrast, variance maps highlight structures which are much brighter but happen morerarely. Here we examine how the typical Jovian aurora varies with time and local time, and extract therelative brightness between the northern and southern auroras.
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Jupiter’s polar auroral bright spot observations by in situmeasurements and remote
sensing

K. Haewsantati 1,2,3, B. Bonfond 1, S. Wannawichian 3,4, G. R. Gladstone 5, V. Hue 5, T. K. Greathouse 5,
D. Grodent 1, Z. Yao 6,1, J.-C. Gérard 1, R. Guo 7,1, S. Elliott 8,9, B. H. Mauk 10, G. Clark 10, D. Gershman
11, S. Kotsiaros 12, W. S. Kurth 8, J. Connerney 11, J. R. Szalay 13 IT

1 LPAP, STAR Institute, Universite de Liege, Liege, Belgium 2 Ph.D. program in Physics, Departmentof Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai, Thailand
3 National Astronomical Research Institute of Thailand (Public Organization), Chiang Mai, Thailand
4 Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, ChiangMai, Thailand 5 Southwest Research Institute, San Antonio, Texas, USA 6 Key Laboratory of Earth andPlanetary Physics, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing, China
7 Laboratory of Optical Astronomy and Solar-Terrestrial Environment, Institute of Space Sciences,School of Space Science and Physics, Shandong University, Weihai, Shandong, China 8 Departmentof Physics and Astronomy, University of Iowa, Iowa City, IA, USA 9 School of Physics and Astronomy,University of Minnesota, Minneapolis, MN, USA 10 The Johns Hopkins University Applied PhysicsLaboratory, Laurel, MD, USA 11 NASA Goddard Space Flight Center, Greenbelt, MD, USA 12 DTUSpace, Technical University of Denmark 13 Department of Astrophysical Sciences, Princeton University,Princeton, NJ, USA
This work presents the in situ observations and remote sensing during the Juno flyby over Jupiter’sauroral bright spot in the polar region. The data were collected from Juno-UVS, JEDI, Waves, and MAGinstruments when Juno flew close to the bright spot position during perijove (PJ) 3, PJ15, and PJ33. Theresults show an enhancement of the high energy particle fluxes (30-1200 keV) observed by JEDI eitherduring the crossing of a bright spot detected by Juno-UVS (PJ3) or, at least, very near (PJ15 and PJ33).These particles are dominated by upward electrons, implying that the acceleration process took placebelow the spacecraft. In addition, theWaves instrument observes the intensification of whistler-modewaves at the same period of particle enhancement during PJ3 and PJ33, and before the observedenhanced particle flux for PJ15. These relationships suggest that a form of wave-particle interaction istaking place, which would contribute to the particle acceleration in both directions along the fieldlines and cause the UV auroral bright spot emission. Furthermore, the magnetic deviations observedby the MAG instrument suggest the presence of downward magnetic field-aligned currents. Althoughthe fixed position of bright spot in System III suggests that the processes giving rise to them are closeto the planet, it remains possible that their root cause still lies further away in the magnetosphere(either at high or low latitude). Further understanding the polar bright spot phenomenon requiresinvestigating the flux tubes topology connected to this region using MHD simulations, and additionalJuno field and particle observations beneath the acceleration region.
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Simultaneous Measurements of Ion Winds and Neutral Flows in Jupiter’s Northern
Aurora

R. Wang 1, T.S. Stallard 1, H. Melin 1, E.M. Thomas 1, M.N. Chowdhury 1, N. Achilleos 2, L.C. Ray 3, A.
Rymer 4, L. Moore 5, J. O’Donoghue 6, C. Tao 7, S. Miller 2, K. Baines 8

1 University of Leicester, UK 2 University College London, UK 3 Lancaster University, UK 4 National Aero-nautics and Space Administration, USA 5 Boston University, USA 6 Japan Aerospace Exploration Agency,Japan 7 National Institute of Information and Communications Technology, Japan 8 Jet PropulsionLaboratory, USA
We present profiles of ionospheric and neutral wind velocities in the northern auroral region ofJupiter using data obtained on June 2nd, 2017, with the Near Infrared Echelle Spectrograph (NIRSPEC)instrument on the Keck II telescope. Doppler shifts of H2 and H+

3 lines near 2.1 microns were measuredto derive the velocities above the peak emission altitude. Ion flow velocities are consistent withprevious observations (Johnson et al. 2017; Stallard et al. 2001), while the neutral flows agree withthe model prediction (Millward et al. 2005). The neutral flows are found mostly corotating with theionic components in the non-auroral regions, but significantly sub-rotating inside the auroral oval. Insubtracting one from another we reveal two strong blue-shifted currents along the main auroral oval,potentially due to a twin cell current in the region. It appears that the current asymmetry matcheswith the intensity asymmetry, suggesting that the currents are blue shifting on both sides of the planetwithin the potential current-carrying layer. This is in complete contrast with predictions from thebreakdown in corotation models of auroral generation. Notably, auroral ion winds are not matched byweaker neutral winds, an important approximation in current models (known as the k factor). Ourobservation highlights the importance of understanding the complex flows in the atmosphere andtheir effects on magnetospheric currents and suggests that azimuthal currents have a significant rolein the generation of aurora at Jupiter.
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Jupiter’s flywheel atmosphere and why azimuthal ion flows dominate over corota-
tion breakdown in the ionosphere: An explanation of simultaneous measurements
of ion winds and neutral flows in Jupiter’s northern aurora

R. Wang 1, T.S. Stallard 1, H. Melin 1, M.N. Chowdhury 1, E.M. Thomas 1, N. Achilleos 2, L.C. Ray 3, A.
Rymer 4, L. Moore 5, J. O’Donoghue 6, C. Tao 7, S. Miller 2, K. Baines 8

1 University of Leicester, UK 2 University College London, UK 3 Lancaster University, UK 4 National Aero-nautics and Space Administration, USA 5 Boston University, USA 6 Japan Aerospace Exploration Agency,Japan 7 National Institute of Information and Communications Technology, Japan 8 Jet PropulsionLaboratory, USA
Recent observations of Jupiter’s ionosphere and neutral atmosphere have revealed startling relativeion flows within Jupiter’s northern auroral region, suggesting the main aurora is flanked by twoblue-shifted flows, one at dawn and the other at dusk. This appears to contradict current predictionsfor ionospheric flows, failing to show ions driven by the expected breakdown in co-rotation. In thispresentation, we will attempt to explain this extraordinary result.
Over the past forty years, we have focused on the breakdown in corotation as the main driver ofauroral enhancement, but there is a growing range of auroral and magnetospheric observations thatappear to contradict this model - highlighted within Bonfond et al.’s (2020) Six Pieces of EvidenceAgainst the Corotation Enforcement Theory to Explain the Main Aurora at Jupiter .
Ionospheric wind measurements have previously revealed significant regions of sub-corotation acrossthe polar region, with localised regions of some super-corotation at dawn (Johnson et al., 2019).These measurements only provide half the picture of atmospheric flows, since any ion motion is onlymeaningful when contrasted against the flow of the surrounding neutral atmosphere.
Recent measurements using Keck provide these neutral flows, dramatically re-aligning our under-standing of how the ionosphere is moving. The neutral atmosphere is flowing in a vortex focused onthe auroral region itself. This agrees with predictions from early models of neutral flow (e.g. Achilleoset al., 2001; Millward et al., 2005), that showed the neutrals moving into a tight vortex at speeds atleast 70% of the driving ions within a few hours.
However, recent observations have shown that this vortex buries deeply into atmosphere, with 300m/sflows at 100 microbar (Cavalie et al. 2021) and enhanced heating at 1 millibar (Stirling et al., 2020),much deeper than the modelled 0.8-0.04 microbar Pedersen layer. This turns the neutral atmosphereinto a giant flywheel, accelerated by the long-term breakdown in corotating magnetospheric plasma.Instead of forcing the magnetosphere to corotate, driving magnetospheric currents, the thermospherehappily sub-corotates at speeds approaching the driving speeds of the magnetosphere.
As such, the ions and neutrals sub-corotate in balance when averaged over all local times. However, indirect contrast with this, at dawn and dusk the ions flow with the surrounding magnetosphere, withsignificant super-corotation at dawn and sub-corotation at dusk. The flywheel neutral atmosphereis not significantly affected by these winds, as the super- and sub-corotation is balanced over a fullmagnetospheric rotation.
As a result, against the medium of the flywheel neutral atmosphere, the ionosphere sees sunward
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shears on both flanks, the jovian ’Dungey-Vasyliunas’ equivalent of Region 1 and 2 currents. The ob-served aurora is likely the combination of breakdown in corotation currents combined with significantauroral currents from this Dugney-Vasyliunas cycle. The location of the main aurora aligns with thelocation of the downward currents of this cycle, providing a potential source of the predominantlydownward and blended bi-directional currents observed by Juno.
This potentially fundamentally re-casts our understanding of Jupiter’s aurora; we await the ensuingdiscussions at MOP with enthusiasm!

Jovian auroral electron precipitation budget - A Statistical Analysis of Diffuse, Mono-
energetic, and Broadband Auroral electron distributions

Annika Salveter 1, Joachim Saur 1, George Clark 2, Barry Mauk 2

1 Institute of Geophysics and Meteorology, University of Cologne, Cologne, Germany 2 The JohnsHopkins University Applied Physics Laboratory, Laurel, Maryland, USA
Recent observations by the Juno spacecraft have shown that electrons contributing to Jupiter’s mainauroral emission appear to be frequently characterized by broadband electron distributions, but alsoless often mono-energetic electron distributions are observed as well. In this work, we quantitativelyderive the occurrence rates of the various electron distributions contributing to Jupiter’s aurora.Therefore we perform a statistical analysis of electrons measured by the JEDI-instrument within30-1200 keV from the first 20 orbits. We determine the electron distributions, either pancake,field-aligned, mono-energetic, or broadband, through energy and pitch angles to associate variousacceleration mechanisms. For instance, mono-energetic distributions are caused by potential dropsand broadband distributions by stochastic acceleration. The statistics of our study show that field-aligned accelerated electrons at magnetic latitudes greater than 76° are observed 74.2%± 8.7% ofthe observed time averaged over the dipole L-shells, while the occurrence rate of diffuse aurora is
15.8%± 8.7%. Whereas pancake distributions, indicating diffuse aurora, are prominent at smallermagnetic latitudes (<76°) with 88.3%± 8.3%. Within the field-aligned electron distributions we see adominating fraction of broadbanddistributions 93.0%±3.3%of the time and a small fraction of isolatedmono-energetic distribution structures over 7.0%± 3.3% of the time. Furthermore, these intensitystatistics coincide with the findings from our energy statistics regarding the electron distributions.Occurrence rates thus also characterize the overall energetics of the different distribution types. Thisstudy indicates that stochastic acceleration is dominating the auroral processes in contrast to Earthwhere the discrete aurora is dominating. Furthermore, we found little evidence for mono-energeticdistributions, most of the time being suppressed by overlaying strong broadband distributions.
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Abstracts - Wednesday oral presentations

Examining Interchange at the Outer Planets using JERICHO: a Kinetic-Ion, Fluid-
Electron Hybrid Plasma Model

J. A, Wiggs 1, C. S. Arridge 1

1 Lancaster University
Plasma is injected into the magnetospheres of both gas giants in the outer planets from sourceslocated on satellites orbiting them, Io at Jupiter and Enceladus at Saturn. Material ejected fromthese moons forms tori surrounding their planetary bodies at distances corresponding to the source’sorbit, however these regions are not continually expanding and therefore must have loss mechanismsassociated with them. The processes responsible for loss in the two systems are ejection as energeticneutrals and by bulk transport into sink regions in the outer magnetosphere, though the proportionof material removed by these varies. The physical process generally considered to be responsible forbulk transport is the centrifugal-interchange instability, analogous to the Rayleigh-Taylor instability,but with centrifugal force replacing gravity. This mechanism allows magnetic flux tubes containinghot, tenuous plasma to exchange places with tubes containing cool, dense plasma, moving materialfrom the inner to outer magnetosphere whilst returning magnetic flux to the inner magnetosphere.In order to examine the transport we have developed a full hybrid kinetic-ion, fluid-electron plasmamodel in 2.5-dimensions, JERICHO. The technique of hybrid modelling allows for probing of plasmamotions from the scale of planetary-radii down to the ion-inertial length scale, considering constituention species kinetically as charged particles and forming the electrons into a single magnetised fluidcontinuum. This allows for insights into particle motions on spatial scales below the size of themagnetic flux tubes. Results from this model will allow for the examination of bulk transport on spatialscales not currently accessible with state-of-the-art models, improving understanding of mechanismsresponsible for moving particles between flux tubes and from the inner to the outer magnetosphere.We have applied JERICHO to both the Jovian and Saturnian systems and this presentation will examinethe distribution of ions, current densities and electromagnetic field perturbations, analysing how theyevolve both spatially and temporally. This will allow for insights into the radial motions of plasmadirected radially outwards, as well as the corresponding response in the associated fields.
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Turbulence in the Magnetospheres of the Giant Planets

Joachim Saur 1 KL

1 University of Cologne, Germany
Themagnetospheres of the outer planets exhibit turbulent phenomena in plasma environments whichare qualitatively different compared to the solar wind or the interstellar medium. The key differencesare the finite sizes of themagnetospheres limited by their physical boundaries, the presence of a strongplanetary background magnetic field, and spatially very inhomogeneous plasma properties within themagnetospheres. Typical turbulent fluctuations possess amplitudesmuch smaller than the backgroundmagnetic field and are characterized by Alfvén times, which can be smaller than the non-linearinteraction time scales driving the turbulent cascade. Themagnetospheres of the outer planets are thusinteresting laboratories of plasma turbulence. In Jupiter’s and Saturn’s magnetospheres, turbulence iswell-established thanks to the in-situ measurements by several spacecraft, in particular the Galileo,Juno and Cassini orbiters. In contrast, the fluctuations in Uranus’ and Neptune’s magnetospheres arepoorly understood due to the lack of sufficient data. Turbulence in the outer planets’ magnetosphereshave important large-scale effects on the systems as a whole. The dissipation of the turbulentfluctuations through wave-particle interaction is a significant heat source, which can explain thelarge plasma temperatures observed in the middle and outer parts of the magnetospheres. Similarly,turbulent wave fluctuations can strongly contribute to the acceleration of particles responsible forthe various types of the auroral phenomena on the planets.
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The Contribution of Global Periodic Perturbations Towards Circulation and Mass
Loss in Saturn’s Magnetosphere

O. Agiwal 1, A. Masters 2, G. J. Hunt 2, M. K. Dougherty 2

1 Boston University, USA 2 Imperial College London, UK
Magnetic reconnection is a process during which magnetic energy is released as kinetic energy. Itis considered a crucial driver of energy transport and mass loss within Saturn’s magnetosphere. Onlong-term timescales, is thought to be predominantly driven by the rapid rotation of equatoriallymass-loaded flux tubes (i.e. the Vasyliunas cycle), but there is some non-negligible driving fromthe solar wind as well (i.e. the Dungey cycle). In this study, we investigate an atmospheric drivenphenomenon that modulates Saturn’s magnetosphere every∼ 10.6 hours, known as planetary periodoscillations (PPO), as an additional driver of magnetic reconnection at Saturn. Using an empiricalmodel of PPO dynamics and Cassini magnetic field and plasma measurements, we find that PPO-driven magnetic reconnection is likely to occur in Saturn’s magnetosphere, however, the occurrenceof the phenomenon depends on temporally variable characteristics of the PPO systems and spatialasymmetries within Saturn’s equatorial magnetosphere. Thus, it is not expected to be an on-goingprocess. On year-long timescales, we find that PPOs are expected to be on par with the Dungey Cyclein driving circulation within Saturn’s magnetosphere. However, on∼1-2 week-long timescales, underspecific conditions where PPO-driven reconnection is expected to be active, this phenomenon canbecome more significant than the Vasyliunas cycle, and thus dominate circulation within Saturn’smagnetosphere. On long-term timescales, this process is estimated to remove upwards of∼20% ofthe mass loaded into the magnetosphere by Enceladus.
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Detecting the Solar Wind in Saturn Kilometric Radiation with Mutual Information

Gould, W., 1, Ray, L. C., 1, Arridge, C. 1, Walsh, A. P. 2

1 Lancaster University 2 European Space Agency, ESAC
Due to a lack of upstream monitors, the effects of the solar wind on magnetospheres other thanEarth’s are not well understood. At Saturn, previous investigations of this relationship have beenrestricted to time limited case studies. However, it is known that the solar wind plays an importantrole in magnetospheric dynamics. As such, a general method is needed to investigate the relationshipbetween the solar wind and planetary magnetospheres. In 2017 Cassini came to the end of its missionlife, leaving behind a 13 year legacy which includes continuous magnetospheric data. We present alarge-scale statistical study of Saturn Kilometric Radiation as a proxy for the solar wind, building amethod of comparison being generally applicable to other celestial objects and data sets. Due to thelack of direct solar wind monitoring at Saturn, we use a solar wind propagation model (Tao et al. 2005)to explore several solar wind parameters and their relationship with Saturn Kilometric Radiation.
Mutual information measures the strength of a relationship between two variables, and by extension,how much can be inferred from one about the other. We use mutual information to characterise thestrength of the relationship between various Solar Wind parameters e.g. velocity, density, tangentialmagnetic field strength, and Saturn Kilometric Radiation. Here, we present the complete analysisof the compared data sets over the full time period of the Cassini Mission, estimating the mutualinformation and its uncertainty between Saturn Kilometric Radiation and propagated Solar Windvariables. We also characterise the strength of the relationship by Saturn Season and by day vs night.We find that the strongest relationships exist between the tangential magnetic field and SKR.
Additionally, we demonstrate the general applicability of the method, which has been tested onwell-characterised Earth-based data sets as a means of validation. The work is also extended tocharacterise the response time of the magnetosphere to Solar Wind forcing at Earth and exploreuncertainties in the propagated solar wind arrival time at Saturn.
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Synthesising remote sensing observations of Saturn’s global plasma dynamics:
testing the relationship between Saturn’s ENA and narrowband SKR emissions.

Joe Kinrade 1, Sarah Badman 1, Chris Paranicas 2, Caitroina Jackman 3

1 Lancaster University, UK 2 Johns Hopkins University Applied Physics Laboratory, USA 3 Dublin Instituteof Advanced Studies, Ireland
Saturn’s kilometric radio (SKR) and energetic neutral atom (ENA) emissions are important remotediagnostics of the planet’s magnetospheric dynamics, intensifying during periods of global-scaleplasma injection, and displaying characteristic planetary periodicity. Here we focus on the narrowbandemissions between 5-40 kHz, thought to originate near density gradients at the edges of the plasmatorus, and test the hypothesis that narrowband SKR production might be enhanced by inward-movingplasma following global injection events. Global scale ENA signatures have been associated with both5 and 20 kHz nSKR emissions, particularly at dusk-evening local times where plasma injections areexpected to have moved inwards through the magnetosphere, triggering interchange instabilities.
We use a new set of calibrated equatorial ENA projections to test the relationship between Saturn’sENA and narrowband SKR emissions. We analyse 40 case studies of ENA morphology that showglobal injection signatures, 15 of which also have possible auroral conjugacy in Cassini UVIS images.We show that in cases of favourable viewing coverage, the narrowband SKR emission intensity peakcoincides with the rotation of ENA enhancement through the dusk local time sector, building on theresults of Wing et al., 2020. We test for radial distance dependence by constraining ENA keogramsover a set of distances covering the edges of the plasma torus, and quantify the relative timing ofnSKR enhancements through correlation of the ENA intensity with flux density in the 5 and 20-40kHz emission bands.These results contribute towards our developing picture of how global plasmainjection events can influence Saturn’s inner magnetosphere, linking together two valuable sources ofremotely-sensed global emissions, the ENAs and SKR.
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Particle entry, escape, and energization at Saturn through global convection and
wind-magnetosphere interaction

A. Sciola 1, K. Sorathia 1, S. Wing 1, P. Delamere 2, G. Clark 1, B. Zhang 3, X. Ma 2, B. Mino 2, B.
Neupane 2, J. Johnson 4, P. Damiano 2, A. Smith 2, V. Kaminker 2, Drew Coffin 2

1 Johns Hopkins University Applied Physics Laboratory, USA 2 University of Alaska Fairbanks, USA
3 The University of Hong Kong, China 4 Andrews University, USA
We perform a high resolution 3D magnetohydrodynamic simulation of Saturn with the GAMERAmodel using a steady solar wind. The model exhibits continuous Kelvin-Helmholtz waves along themagnetopause, Vasyliunas-type convection, and frequent injection flows from the tail into the dawnsector as a result of the convection cycle. We then seed test H+ particles in the solar wind andmagnetotail to investigate these physical processes, their interaction with one another, and their rolein particle entry, escape, and energization.
In particular, the dawn-side injection flows create a clear dawn-dusk asymmetry in the plasma tem-perature, and in this sector the sunward injection flows compete with the anti-sunward-propagatingKH waves along the magnetosheath, creating a complex region of particle energization and exchange.The simulations are compared with Cassini observations.
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Periodic narrowband radio wave emissions and inward plasma transport at Satur-
nian magnetosphere

S. Wing 1, P. C. Brandt 1, J. R. Johnson 2, D. G. Mitchell 1, W. S. Kurth 3, and J. D. Menietti 3, P.
Delamere 4, X. Ma 5

1 Johns Hopkins University, USA 2 Andrews University, USA 3 University of Iowa, USA 4 University ofAlaska, USA 5 Embry-Riddle Aeronautical University, USA
The abrupt brightening of an Energetic Neutral Atom (ENA) blob or cloud has been interpreted asplasma injection in the Satirnian magnetosphere (termed ENA injection herein). Morphologically,there appears to be two types of abrupt ENA cloud brightening: 1 the brightening of a large cloudusually seen at distances > 10-12 Rs (Rs = 60,268 km) in the midnight or postmidnight region; 2 thebrightening of a smaller cloud usually seen at distances < 10-12 Rs around 21-03 magnetic local time(MLT). Among many radio waves observed at Saturn, type 2 ENA injections correlate best with the5 kHz narrowband waves. Using Cassini INCA and RPWS data, we examine the periodicities of thetype 2 ENA injections and the 5 kHz narrowband emissions as well as their cross-correlations, whichhave been previously used to measure the lag times or phase differences. Because correlationalanalysis can only establish linear relationships, we also use mutual information to establish linearand nonlinear relationships. On average, the peak of the 5 kHz narrowband emission lags those ofthe type 2 ENA injection by about a few minutes to 2 hr. The injection of hot plasma to the innermagnetosphere can lead to temperature anisotropy, which can generate electrostatic upper hybridwaves, which upon encountering the high density gradient at the outer edge of the Enceladus densitytorus, can mode convert to the Z mode and then to O mode. The 5 kHz narrowband waves commonlypropagate in the O mode.

Cassini Observation of the 1st harmonic of Saturn Kilometric Radiation: A Case
study

Siyuan Wu 1,2, Philippe Zarka 1, Shengyi Ye 2, Laurent Lamy 1, Baptiste Cecconi 1

1 LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université, Université de Paris, Meudon,Paris, France 2 Department of Earth and Space Sciences, Southern University of Science and Technology,Shenzhen, Guangdong, People’s Republic of China
Clear first harmonic emissions of Saturn Kilometric Radiation (SKR) are discovered during the Cassinigrand finale orbits. Both O mode and X mode fundamental emissions are observed, that are accom-panied by X mode harmonics. Analysis of the 34 cases found shows that the frequency ratio betweenthe fundamental and harmonic emissions is 2.01±0.08 and the harmonic emissions show weakerintensities relative to the fundamental emissions. The intensity relation between the two types ofharmonics, i.e. O-X (fundamental-harmonic) and X-X, is different, which implies that the generationmechanisms are different for the two different type of harmonics. We discuss this generation inthe context of previous studies of harmonic planetary auroral radio emissions. The direction findinganalysis of a clear case, with Cassini close to the source, shows that the fundamental and harmonicemissions are generated in the same source region. The generation of the two types of harmonicscan be attributed to different plasma densities and energy distributions in the source regions.
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Cassini Langmuir Probe observations during solar eclipses by Saturn and the Main
Rings: photoelectrons and rings optical depth

Xystouris Georgios 1 Arridge Christopher Stephen 1 Morooka Michiko 2 Wahlund Jan-Erik 2

1 Department of Physics, Lancaster University, Lancaster, United Kingdom 2 Swedish Institute of SpacePhysics, Uppsala, Sweden
The Langmuir Probe (LP) onboard Cassini was one of the three experiments that could measure thecold inner magnetospheric plasma, along with the Radio and Plasma Waves Science (RPWS) and theCassini Plasma Spectrometer (CAPS). While the century-old LP theory looks quite straight-forward, inreality things are much more complicated.
The operation of the LP is quite simple: by applying positive bias voltages, the probe attracts theelectrons and repels the ions of the surrounding plasma. From the resulting current-voltage curvecharacteristics of the ambient electrons can be estimated, i.e. density and temperature. Whennegativebias voltages are applied to the probe the characteristics of the ambient ions can be estimated, i.e.density, temperature, and mass.
Though the LP operation and interpretation are quite simple and straightforward, there are assump-tions made and therefore the theoretical models may not always reflect the actual plasma conditionsin Saturn’s magnetosphere. For this study we are focused on the effect of the photoelectrons, i.e.electrons generated by the incident sunlight on Cassini’s surfaces, that are difficult to calibrate for onthe ground and then observe and characterise in the LP data.
We present algorithms for identifying when Cassini is in the shadow of Saturn and its rings, and whenthe LP is in the shadow of Saturn, its rings or Cassini itself. The LP data inside and outside the eclipsesare compared using the algorithms developed. In this presentation we will first discuss the impactof the photoelectron generation from the spacecraft surfaces to the LP current-voltage curves, andunderstand the variations of the measured plasma density connected with the photoelectrons. Then,using that knowledge, we attempt to define the optical depth of the rings in the wavelengths the LPoperates in.
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Reconnection at Neptune’s pole-on magnetosphere during the Voyager 2 flyby

Jamie M. Jasinski 1, Neil Murphy 1, Xianzhe Jia 2, and James A. Slavin 2

1 NASA Jet Propulsion Laboratory, California Institute of Technology, CA, USA 2 Climate and SpaceScience and Engineering, University of Michigan, MI, USA
The pole-on configuration occurs when the polar magnetosphere of a planet is directed into thesolar wind velocity vector. Such magnetospheric configurations are unique to the Ice Giant planets.This means that magnetic reconnection, a process which couples a magnetosphere to the solarwind, will be different at the Ice Giants when they are pole-on compared to other planets. The onlyavailable in situ measurements of a pole-on magnetosphere are from the Neptune flyby by Voyager 2which we analyze in this paper. We show that dayside magnetopause conditions were conducive tomagnetic reconnection. A plasma depletion layer in themagnetosheath adjacent to themagnetopausewas observed. Plasma measurements inside the magnetospheric cusp show evidence of multiplereconnection taking place at the magnetopause, before the spacecraft crossed the open-closed field-line boundary. A possible travelling compression region from a nearby passing flux rope was alsoobserved providing further supporting evidence that multiple x-line reconnection occurred during theflyby. During a perfectly pole-on configuration, reconnection will not depend on the orientation of theinterplanetary magnetic field as is the case at other planetary magnetospheres. The occurrence ofreconnection will not vary because the area of the dayside magnetopause where anti-parallel shearsoccur will be approximately equal for all interplanetary magnetic field orientations. Therefore, wesuggest that rotating into and out of the pole-on configuration will likely drive the on-off / switch-likedynamics observed in simulations. The pole-on configuration is most likely an important rotationalphase for driving Ice Giant magnetospheric dynamics.
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The twisted magnetosphere of Uranus between solstice and equinox

L. Lamy 1,2, R. Prangé 1, C. Tao 3, T. Kim 4, N. Pogorelov 4, M. Barthélémy 5, JY Chaufray 6, L. Roth 7,
M. McGrath 8, A. Rymer 9

1 LESIA, Observatoire de Paris, CNRS, PSL, UPMC, Université Paris Diderot, Meudon, France 2 LAM,Pythéeas, Aix Marseille Université, CNRS, CNES, Marseille, France 3 National Institute of Informationand Communications Technology, Tokyo, Japan 4 Department of Space Science and Center for SpacePlasma and Aeronomic Research, University of Alabama in Huntsville, Huntsville, Alabama, USA
5 IPAG, CNRS, Univ. Grenoble Alpes, Grenoble, France 6 LATMOS/IPSL, UVSQ Université Paris-Saclay,Sorbonne Université, CNRS, Guyancourt, France 7 School of Electrical Engineering, Royal Institute ofTechnology KTH, Stockholm, Sweden 8 NASA Marshall Space Flight Center, USA 9 The Johns HopkinsApplied Physics Laboratory, Space Exploration Sector, Laurel, USA
The magnetosphere of Uranus is certainly the most atypical of the solar system. The highly tiltedand offset magnetic field with respect to the spin axis, itself almost in the ecliptic plane, produces ahighly asymmetric magnetosphere, whose configuration with respect to the solar wind flow stronglyvaries over very different timescales ranging from a planetary rotation (∼17 h) to seasons (a Uranianrevolution lasts 84 years). While Cassini and Juno have enabled the in-depth study of the auroralprocesses at work at Saturn and Jupiter, our current knowledge of the Uranian auroral emissions andof the underlying mechanisms responsible for particle energization, still mostly relies on Voyager2 in situ and remote observations acquired during the flyby of the planet at solstice in 1986. Sincethen, the Hubble Space Telescope re-detected and imaged the Uranian UV aurorae from Earth pastthe equinox of 2007, bringing new insights on an unknown solar wind/magnetosphere configurationwith auroral signatures largely different from those detected by Voyager 2. Here, we present HSTfollow-up observations acquired between equinox and solstice, in yet another different geometry ofthe magnetosphere, oblique and twisted.
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An Assessment of the Role of Ionospheric Conductances in Magnetosphere-Iono-
sphere-Thermosphere Coupling at Giant Planets, Based on Space Data and Mod-
elling Tools

Noé Clément 1,2, Sariah Al Saati 2, Michel Blanc 2, Yuxian Wang 3, Corentin Louis 4, Nicolas André 2,
Chihiro Tao 5, Jean-Claude Gérard 6

1 Laboratoire d’Astrophysique de Bordeaux, Bordeaux, France 2 IRAP, Toulouse, France 3 State KeyLaboratory for Space Weather, NSSC, CAS, China 4 Dublin Institute for Advanced Studies, Dublin,Ireland 5 Department of Geophysics, Tohoku University, Sendai, Japan 6 University of Liège, Belgium
The dynamics of giant planets magnetosphere is controlled by a complex interplay between theseplanets fast rotation, their solar-wind interaction, and possible moon plasma and momentum sources.At the ionospheric level, two key parameters controlling the degree of coupling of magnetosphericmotions to planetary rotation are the Pedersen and Hall ionospheric conductances, which regulatethe intensity of currents coupling magnetosphere and ionosphere and the rate of transfer of an-gular momentum and power between them. In this talk we will present a parametric study of thedependence of Pedersen and Hall conductances on the structure and composition of these planetsupper atmospheres and on the characteristics of auroral and polar particle precipitation, using genericthermospheric and ionospheric models and ground-truth validation by Juno, Cassini and Voyager data.We will discuss the implications on the degree of importance that the thermosphere-ionosphere hasin the enforcement of corotation of the magnetospheric plasma.

Waves from the magnetospheres of giant planets revealing their interaction with
solar wind

YE Shengyi 1, WU Siyuan 1, CHEN Yuening 1, YAO Zhonghua 2, FISCHER Georg 3, TAUBENSCHUSS
Ulrich 4, CECCONI Baptiste 5, JACKMAN Caitriona 6, MENIETTI John D. 7, KURTH William S. 7

1Department of Earth and Space Sciences, Southern University of Science and Technology, Shenzhen,Guangdong, China 2 Institute of Geology and Geophysics, Chinese Academy of Science, Beijing, China
3 Space Research Institute, Austrian Academy of Sciences, Graz, Austria 4 Institute of AtmosphericPhysics, Prague, Czechia 5 LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université,Université de Paris Meudon, France 6 Dublin Institute for Advanced Studies, Dublin, IE 7 Departmentof Physics and Astronomy, The University of Iowa, Iowa City, IA, USA
Rapid changes in solar wind conditions perturb the planetary magnetospheres, changing their sizesand properties of the plasmawithin, providing energy for the generation of radio emissions and plasmawaves, revealing the dynamic processes in the planetarymagnetospheres, e.g. magnetic reconnectionsand hot plasma injections. The emissions often display periodicities caused by fast planetary rotationand magnetic compression waves induced by solar wind impact, providing valuable information aboutthe coupling process between magnetosphere and ionosphere. Solar wind compressions increase theplasma density in the magnetosheath, which keeps low-frequency radio emissions from escaping theplanetary magnetosphere emissions (e.g. continuum radiation at Jupiter and narrowband emissionsat Saturn). We will discuss recent observations made by Juno and Cassini and their implications forplanetary magnetospheric dynamics.
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Induced currents in Titan’s dusty ionosphere

O. Shebanits 1, J.-E. Wahlund 1, D. Andrews 1, M. Dougherty 2

1 Swedish Institute of Space Physics 2 Imperial College London
Titan hosts a conductive ionosphere and has therefore a magnetosphere induced by the interactionwith Saturn’s magnetic field and magnetospheric plasma. The shielding currents and associatedelectric fields induced by this interactions have been derived earlier, prior to the detection of dustyplasma and only for select flybys, relying onmodel-derived ionospheric conductivities. In this study werevisit these currents using the full Cassini in-situ dataset and full plasma content of Titan’s ionosphere(electrons, positive ions, and negative ions/dust). In particular, we investigate the feasibility of ahypothesized secondary Pedersen current layer below the photoionization peak.

Density spikes in the ionosphere of Titan as seen by Cassini-Huygens

Konstantin Kim 1,2 , Niklas J.T. Edberg 1, Erik Vigren 1, Oleg Shebanits 1, Jan-Erik Wahlund 1

1 Swedish Institute of Space Physics, Uppsala, Sweden 2 Department of Physics and Astronomy, UppsalaUniversity, Sweden
The Cassini-Huygens spacecraft made in-situ measurements of Titan’s plasma environment during127 close encounters from 2004 until the end of the mission in 2017. The collected data still revealunknown processes and structures and is therefore interesting for further investigations. Duringour analysis of Radio and Plasma Waves System/Langmuir probe (RPWS/LP) data we have observed,primarily on the outbound leg, a localised increase of the electron density up to 1.6 times to thebackground level. This feature, appearing as an electron density spike in the data, is found during28 of 127 of flybys. The data from RPWS/LP, the Cassini Plasma Spectrometer (CAPS), the Ion andNeutral Mass Spectrometer (INMS) and magnetometer (MAG) is used to calculate electron densities,electron temperatures, ion and neutral composition and magnetic field characteristics. The averageposition of these structures in coronation and elliptical frame is also investigated. We identify thatthe electron density spikes are primarily observed on the dayside of Titan and that they vary in sizewith solar EUV flux. We also observe magnetic field signatures that could suggest the presence ofcurrent sheets within majority of cases. The estimated spatial scale of the density spikes along thetrajectory of the spacecraft is approximately 500 km, and the larger ones are located at lower altitudescompared to the smaller ones. We outline and discuss possible reasons for the formation of thesedensity spikes, including current sheets, outflowing plasma or the formation of an ionospheric layercreated by increased ionisation.
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Electromagnetic induction inside Uranus’ and Neptune’s large moons

Corey Cochrane 1 IT

1 Jet Propulsion Laboratory, California Institute of Technology
The best evidence for the existence of subsurface oceans within moons of our solar system arisesfrom interpretation of magnetic field measurements collected by the magnetometer on the Galileospacecraft in the vicinity of Europa and Callisto. The putative salty oceans within these moons areable to conduct electrical currents driven by Jupiter’s strong time-varying magnetic field, producing aunique secondary magnetic field signature that can be measured externally by a spacecraft. Someof the large moons of Uranus and Neptune also may contain subsurface oceans, based on theirgeological features. Unfortunately, Voyager 2 did not pass close enough to any of these moons for itsonboard magnetometer to measure the field signatures associated with a conductive ocean. In thispresentation, we demonstrate how the strong and highly dynamic magnetic environments of theseplanets facilitate magnetic induction studies of their moon’s interiors. More specifically, we showhow magnetic induction can be used to detect and potentially characterize subsurface oceans withinthese icy bodies for single- or multi-flyby mission concepts, even when faced with the confoundingfactors of a conductive ionosphere, local plasma current perturbations, spacecraft timing and positionuncertainties, data outages, model uncertainties, and various sources of instrument noise. Thus, thiswork provides insights into required magnetometer performance and guidance into trajectory designfor possible future mission concepts to the ice giant systems.
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Europa Clipper Mission Update

Haje Korth 1, Robert Pappalardo 2, Kate Craft 1, Ingrid Daubar 2, Hamish Hay 2, Sam Howell 2, Rachel
Klima 1, Erin Leonard 2, Alexandra Matiella Novak 1, Divya Persaud 2, Cynthia Phillips 2, and the
Europa Clipper Science Team

1 The Johns Hopkins University Applied Physics Laboratory, Laurel, Maryland, USA 2 Jet PropulsionLaboratory, California Institute of Technology, Pasadena, California, USA
With a launch readiness date of late 2024, NASA’s Europa Clipper will set out on a journey to explorethe habitability of Jupiter’s moon Europa. At the beginning of the next decade, the spacecraft willorbit Jupiter, flying by Europa more than 40 times over a four-year period to observe this moon’s iceshell and ocean, study its composition, investigate its geology, and search for and characterize anycurrent activity. The mission’s science objectives will be accomplished using a highly capable suite ofremote-sensing and in-situ instruments. The remote sensing payload consists of the Europa UltravioletSpectrograph (Europa-UVS), the Europa Imaging System (EIS), the Mapping Imaging Spectrometer forEuropa (MISE), the Europa Thermal Imaging System (E-THEMIS), and the Radar for Europa Assessmentand Sounding: Ocean to Near-surface (REASON). The in-situ instruments comprise the Europa ClipperMagnetometer (ECM), the Plasma Instrument forMagnetic Sounding (PIMS), the SUrface Dust Analyzer(SUDA), and the MAss Spectrometer for Planetary Exploration (MASPEX). Gravity and radio sciencewill be achieved using the spacecraft’s telecommunication system, and valuable scientific data will beacquired by the spacecraft’s radiation monitoring system. Major milestones from the past year includeselection of a launch vehicle and launch readiness date by NASA, evaluation of candidate tours bythe science team, and preparations for the cruise and operational phases of the mission. The project,flight system, and payload have completed their Critical Design Reviews, and the mission has recentlycompleted its System Integration Review. Spacecraft subsystems and payload are actively beingdeveloped, and assembly, test, and launch operations have begun in March 2022. In the meantime,the science team is preparing a set of manuscripts describing the mission science and the instrumentsthat enable these investigations for publication in the journal Space Science Reviews.
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PEP-Hi: Energetic Particle Investigation and ENA Imaging of the Jovian System and
Its Icy Moons

P. C. Brandt 1, S. Barabash 2, D. G. Mitchell 1, G. Clark 1, M. Gkioulidou 1, P. Kollmann 1, D. Haggerty1,
G. Ho 1, C. Parker 1, C. Schlemm 1, S. Jaskulek 1, C. Paty 3, X. Jia 4, K. K. Khurana 5

1 The Johns Hopkins University Applied Physics Laboratory, Laurel, MD, USA 2 The Swedish Institute ofSpace Physics, Kiruna, Sweden 3 University of Oregon, Eugene, OR, USA 4 University of Michigan, AnnArbor, MI, USA 5 University of California Los Angeles, USA
Juno has been orbiting Jupiter for six years, making over 40 orbits of the giant planet. The polar orbitprovided unique views of Jupiter’s aurora as well as in situ measurements of the particles and fieldsin the polar regions. Away from Jupiter, Juno made magnetospheric measurements out to∼100 RJfrom dawn to midnight to evening in local time, traversing the equatorial plasma sheet many times.At the same time, Earth-based instruments have measured auroral UV and radio emissions as well asthe upper atmosphere. This tutorial review talk summarizes what we have learned about Jupiter’svast magnetosphere from the Juno mission so far and anticipates what the extended mission mightreveal.

Jovian auroral radio source occultation modelling and application to the JUICE
science mission planning

Cecconi, Baptiste 1, Louis, Corentin K 2, Muñoz Crego, Claudio 3, Vallat, Claire 4

1 LESIA, Observatoire de Paris, CNRS, PSL Research University, Meudon, France 2 School of CosmicPhysics, DIAS Dunsink Observatory, Dublin Institute for Advanced Studies, Dublin, Ireland 3 AuroraB.V., for European Space Agency, ESAC, Madrid, Spain 4 Rhea Group, for European Space Agency, ESAC,Madrid, Spain
Occultations of the Jovian low frequency radio emissions by the Galilean moons have been observedby the PWS (Plasma Wave Science) instrument of the Galileo spacecraft. We show that the ExPRES(Exoplanetary and Planetary Radio Emission Simulator) code accurately models the temporal occur-rence of the occultations in the whole spectral range observed by Galileo/PWS. This validates of theExPRES code. In addition to supporting the analysis of the science observations, the method can beapplied for preparing the JUICE moon flyby science operation planning.
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Magnetic sounding of icy moons with constraints from multiple investigations

Marshall J. Styczinski 1,2 Steve Vance 2 Corey Cochrane 2

1 NASA Postdoctoral Program Fellow, Jet Propulsion Laboratory, California Institute of Technology, USA
2 Jet Propulsion Laboratory, California Institute of Technology, USA
Magnetic measurements have provided some of the strongest evidence available for a present-day, liquid water ocean inside Europa. Future missions are expected to use such measurements toconstrain interior properties of Europa, Ganymede, and other icy moons. Variations in the magneticfield applied by the parent planet give rise to secondary, induced magnetic fields within electricallyconducting materials—including saline ocean waters. Induced magnetic fields are measurable outsidethe body, making them accessible to orbital and flyby missions as well as landed missions. Magneticfields are not screened by the ice shell, so the induced field can be used to directly constrain theconductivity structure of extant oceans. All of the giant planets have strongmagnetic fields and at leastone icy moon, giving these techniques broad applicability. However, numerous factors complicatethe interpretation of magnetic measurements, posing difficulty to their use in placing constraints oninterior structure. Among these complicating factors are a lack of laboratorymeasurements relevant tothe subsurface oceans of icy moons, degeneracies between ocean properties when certain simplifyingassumptions are made, and additional magnetic field contributions from space plasmas. We areworking to mitigate these effects and improve on past magnetic sounding investigations by a varietyof methods. We address the lack of laboratory measurements by directly measuring the electricalconductivity of solutes that may be expected in subsurface oceans at relevant temperatures, pressures,and concentrations. We model depth-dependent conductivity of ocean waters with the PlanetProfileframework, applying self-consistent geophysics constrained by bulk properties such as mass and axialmoment of inertia. Adding realistic depth dependence to ocean conductivity reduces the parameterspace of possible induced field models, providing better constraints on characteristics of the interiorwhen compared against spacecraft measurements. We further constrain the induced field model byincorporating the effects of asymmetric tidal bulges in evaluating the induced field expected for acandidate ocean model. We use detailed statistics to evaluate the magnetic excitations applied to theicy moons over a variety of forcing periods with greater precision than any previous model, and tominimize the effects of plasma magnetic fields in magnetic sounding analyses to the extent possible.Together, the variety of techniques we are developing improve every step of forward modeling theinduced magnetic fields of icy moons and will enhance the information obtainable from spacecraftmeasurements. These improvements are of critical importance tomagnetic investigations of upcomingmissions, especially Europa Clipper and JUICE, and also in understanding available measurementsfrom past missions.
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Io’s Neutral Atmosphere as Observed by Cassini UVIS

Amanda R. Hendrix 1, Fran Bagenal 2, Vincent Dols 2, Eddie Nerney 2, Jean Yoshii 3

1 Planetary Science Institute 2 LASP, Univ. Colorado 3 Space Environment Technologies
Observations by the Cassini Ultraviolet Imaging Spectrograph (UVIS) (late 2000- early 2001) provide aunique perspective on the Io’s atmosphere and neutral clouds compared to Earth-based UV observa-tions, along with wider spectral coverage for more diagnostic clues to processes and abundances;furthermore the timing of the Cassini observations bridgesgaps between Hubble Space TelescopeUV observations in 1997-2000 and 2010-2012, New Horizons in 2007, and Hisaki UV observations in2014-2015, to help understand temporal changes in the system.
During the Cassini flyby of the Jupiter system, UVIS made measurements of Io, its atmosphere andtorus, obtaining EUV-FUV spectroscopy of this system. We describe observations made on December30, 2000 and January 6, 2001 to demonstrate the variable nature of the environment. The CassiniUVIS uses two-dimensional CODACON detectors to provide simultaneous spectral and spatial images.Two spectrographs provide spectral images in the EUV (563-1182Å) and FUV (1115-1912Å) ranges. Thedetector format is 1024 spectral by 64 spatial pixels. The spectral pixels are 0.25 mrad and the spatialpixels are 1 mrad projected on the sky. The low-resolution slits used for these Io observations are 1.5 X64 mrad and 2.0 X 64 mrad for FUV and EUV, respectively. The low-resolution slits have a spectralwidth of 4.8Å in both channels. We utilize torus measurements to constrain electron temperatureand describe implications for SO2, sulfur and oxygen in the Io atmosphere and their spatial extent inthe Io vicinity.
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New Horizons Alice Observations of Io’s Extended UV Atmospheric Emissions and
Implications for Mass Loading from the Neutral Cloud

Retherford, K. D. 1,2, F. Bagenal 3, E. G. Nerney 3, V. Dols 3, H. T. Smith 4, M. H. Burger 5, L. Roth 6, G.
R. Gladstone 1,2, S. A. Stern 1, J. Wm. Parker 1, T. K. Greathouse 1, M. H. Versteeg 1, C. Grava 1, and
The New Horizons Alice Team

1 Southwest Research Institute 2 University of Texas at San Antonio 3 Colorado University 4 The JohnsHopkins University Applied Physics Lab 5 Space Telescope Science Institute 6 KTH Royal Institute ofTechnology
New Horizons observed Io’s UV auroral and airglow emissions with its Alice instrument in 2007 duringthe spacecraft’s Jupiter encounter. Retherford et al., Science, 2007 reported an initial analysis ofauroral brightness variations upon eclipse ingress and egress, providing evidence for changes in therelative contribution of sublimation and volcanic sources in shadow and at night. We discuss here anadditional set of twenty five Io observations obtained with Alice while the satellite was in sunlight atvarious solar phase angles and locations within the Io plasma torus. These data allow a statisticallymeaningful trending analysis to be performed to better understand diurnal atmospheric variability.Neutral atomic oxygen and neutral and ionized atomic sulfur emission brightnesses are determinedafter subtraction of background Io plasma torus emission features also present in the Alice data,with seven especially good case studies to compare with model simulations. We discuss the role ofSO2 transport from Io to the neutral cloud with respect to simulations of the Io plasma torus sourcerate.
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Hisaki observation of the oxygen neutral cloud around Io’s orbit before and during
the enhancement event of Io plasma torus

R. Koga 1, F. Tsuchiya 2, M. Kagitani 2, T. Sakanoi 2, M. Yoneda 3, K. Yoshioka 4, I. Yoshikawa 4, T,
Kimura 5, G. Murakami 6, A. Yamazaki 6, H. T. Smith 7, F. Bagenal 8 IT

1 Nagoya University, Japan, 2 Tohoku University, Japan, 3 Technical Research Center, Tadano Ltd.,Japan 4 The University of Tokyo, Japan 5 Tokyo University of Science, Japan 6 ISAS/JAXA, Japan 7 JohnsHopkins University, USA, 8 University of Colorado Boulder, USA
Io is the most volcanically active body in the solar system which is the important target to understandthe processes from the generation of gasses from geologically active bodies to the escape of the gassesinto space. Observation of spatial distribution of Io’s oxygen neutral cloud is important to understandthe escape process of neutrals from Io, as well as the source and loss processes of IPT. However, suchspatial distributions were poorly observed so far. The extreme ultraviolet spectrograph called EXCEEDinstalled on the JAXA’s Hisaki satellite observed the Io plasma torus continuously in 2014-2015. Byusing Hisaki data, we derived the spatial distribution of atomic oxygen emissions at 130.4 nm, andfound a dense region of neutral oxygen near Io (called banana cloud ), as well as a longitudinallyuniform diffuse region along the Io’s orbit. The radial distribution showed the neutral oxygen cloudspreads out to 7.6 Jupiter radii (RJ), where the brightness drops below ∼1 R. There is a dawn-duskasymmetry of the oxygen emission from 5 to 6 RJ, and the emission on the dusk side emission waslarger than that the dawn side. By applying our 3-D Monte Carlo model, we are able to reconstructthese distributions from the observations as well as the particle source parameters. Surprisingly, themodel explains the observation result well in case that oxygen source preferentially ejected fromthe side of Io facing Jupiter, rather than ejected isotopically. We also found the enhancement of OIbrightness started around day of year 20 in 2015, and continued for 3 months (hereafter, referred toas the high density period). The radial distribution of oxygen cloud showed the outward expansion upto 8-8.6 RJ during the period from January to March of 2015, and recovered by April. Assuming thenorth-south thickness of oxygen cloud is 1.2 RJ, the estimated number density of oxygen cloud in theIo’s orbit is∼90 cm-3 during the high density period. This is three times larger than that during thenormal density period (∼30 cm-3). It is clear that the total amount of the neutral increased during thehigh density period, and the distribution width along the orbit may be enlarged. In this presentation,we introduced the observation results of Io’s neutral cloud mentioned above, and science feasibilitiesof Io and Europa neutral clouds and volcanic plumes in the future UV space telescope project.
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Defining Io’s neutral oxygen torus and magnetospheric source with Hisaki observa-
tions and 3-D modeling

H. T. Smith 1, R. Koga 2, F. Tsuchiya 2

1 Johns Hopkins Applied Physics Laboratory, Laurel, MD USA, 2 Tohoku University, Sendai, Miyagi,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 oxygenline of sight observations provide the best glimpse so far of Jovian neutral particle populations. Thisis exciting in that for the first time, the neutral tori can be directly observed on time scales thatconstrain satellite sources. The current Hisaki oxygen UV line of sight (LOS) observations are alreadyrevealing an intriguing amount of spatial and temporal. This data can also shed unprecedented insightinto neutral torus distributions, which could subsequently provide essential information about thesources and mechanisms from Io. However, 3-D modeling is required to interpret the complex anddynamic observational geometries. Here we present research that combines Hisaki neutral oxygenLOS observations with computational modeling to identify and characterize Io’s source of particles toJupiter’s magnetosphere and the resulting neutral tori populations.
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Alternating emission features in Io’s footprint tail: Magnetohydrodynamical simu-
lations of possible causes

S. Schlegel 1, J. Saur 1

1 University of Cologne, Germany
Io’s movement relative to the plasma in Jupiter’s magnetosphere creates Alfvén waves propagatingalong the magnetic field lines which are partially reflected along their path. These waves are the rootcause for auroral emission, which is subdivided into the Io Footprint (IFP), its tail and leading spot. Newobservations of the Juno spacecraft by Mura et al. (2018) have shown puzzling substructure of thefootprint and its tail. In these observations, the symmetry between the poleward and equatorwardpart of the footprint tail is broken and the tail spots are alternatingly displaced. We show that thelocation of these bright spots in the tail are consistent with Alfvén waves reflected at the boundary ofthe Io torus and Jupiter’s ionosphere. Then, we investigate three different mechanisms to explain thisphenomenon: 1 The Hall effect in Io’s ionosphere, 2 travel time differences of Alfvén waves betweenIo’s Jupiter facing and its opposing side and 3 asymmetries in Io’s atmosphere. For that, we usemagnetohydrodynamic simulations within an idealized geometry of the system. We use the Poyntingflux near the Jovian ionosphere as a proxy for the morphology of the generated footprint and itstail. We find that the Hall effect is the most important mechanism under consideration to breakthe symmetry causing the Alternating Alfvén spot street . The travel time differences contributes toenhance this effect. We find no evidence that the inhomogeneities in Io’s atmosphere contributesignificantly to the location or shape of the tail spots.

The satellite footprints in Jupiter’s aurora and the processes giving rise to them

J. R. Szalay 1 KL

1 Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey, USA
Auroral emissions provide a unique window into the complex dynamic phenomena that occur through-out planetary space environments. While many auroral features magnetically map to broad areasin planetary magnetospheres, the aurora generated by the interaction of a rotating planet with itsmoon(s) are confined to a small region and allow for a more precise determination of the auroralsource regions and physical processes sustaining their aurora. The study of moon-magnetosphereinteractions at the outer planets has been reinvigorated with recent in-situ data. Specifically, Junomeasurements at Jupiter have given critical insight into the nature of these interactions, providingsimultaneous in-situ particles and fields measurements along with high-resolution imaging of Jovianauroral phenomena for the first time. We are now uniquely posed to provide a comprehensive viewof the magnetic coupling between celestial bodies supported by both remote and in-situ observationsgiven Juno’s unprecedented dataset. This tutorial will review the processes associated with satelliteauroral footprints, discuss these processes in the context of recent in-situ observations at Jupiter, andhighlight recent significant advances in our understanding of these complex phenomena.
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Temporal variability of the Io-induced aurorae on Jupiter: a proxy for plasma varia-
tions in the magnetosphere

Alessandro Moirano 1, Alessandro Mura 1 and the JIRAM team IT

1 Istituto Nazionale di Astrofisica - Istituto di Astrofisica e Planetologia Spaziali, Rome, Italy
The orbital motion of the three innermost galilean moons - Io, Europa and Ganymede - within Jupiter’smagnetosphere is known to be associated with auroral signatures, which can be detected in the UV,visible and IR wavelengths near the polar regions of the planet. Indeed, the moons interact with themagnetic field and plasma surrounding Jupiter, setting up a system of currents that ultimately transmitthe perturbation to Jupiter’s ionosphere. Such currents are carried by Alfven waves, whose directionof propagation and speed are determined by the magnetic field geometry and plasma distribution inthe magnetosphere.
The auroral signatures due to the moon-magnetosphere interaction exhibit several features, mostnotably a very bright main spot - usually referred as footprint or Main Alfven Wing spot (MAW) - apossible precursor - the trans-hemispheric electron beam (TEB) - and a fading tail.
The JIRAM instrument onboard Juno is equipped with an IR imager designed to inspect auroralemission in the 3.2-3.7 micron band with unprecedented spatial resolution, which it has been doingfor more than 40 spacecraft orbits up to now. Restricting the present discussion solely to the auroraedue to Io, it was observed by JIRAM that the relative position between the MAW and the TEB variesnot only with Io’s longitude - as already observed by HST - but also with time. Indeed, images takenby JIRAM during perijove 11 and 32 when Io was at the same longitude (within 1.5 degrees) showedthat the relative distance between the two features was remarkably different. Bearing in mind thatthe plasma distribution, together with the magnetic field configuration, determines the position ofthe footprint, it is proposed here that such discrepancy is a reflection of potential variability of thedense plasma environment where Io orbits.
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Effect of the Magnetospheric Plasma Interaction and Solar Illumination on Ion
Sputtering of Europa’s Surface Ice

Peter Addison 1, Lucas Liuzzo 2, Sven Simon 1

1 Georgia Institute of Technology, USA 2 University of California, Berkeley, USA
For the entire ion energy range observed at Europa, we calculate spatially-resolvedmaps of the surfacesputtering rates of H2O, O2, and H2 from impacts by magnetospheric ions. We use the perturbedelectromagnetic fields from a hybrid model of Europa’s plasma interaction, along with a particle-tracing tool, to calculate the trajectories of magnetospheric ions impinging onto the surface and theirresultant sputtering yields. We examine how the distribution of the sputtering rates depends onthe electromagnetic field perturbations, the angle between the solar radiation and the corotatingplasma flow, and the thickness of the oxygen-bearing layer within Europa’s surface. Our major findingsare: (a) Magnetic field-line draping partially diverts the impinging ions around Europa, reducingthe sputtering rates on the upstream hemisphere, but allowing for substantial sputtering from thedownstream hemisphere. In contrast, zero sputtering occurs in much of the downstream hemispherewith uniform electromagnetic fields. (b) If the oxygen-bearing surface layer is thin compared tothe penetration depth of magnetospheric ions, thermal ions dominate the O2 sputtering rates, andthe region of strongest sputtering is persistently located near the upstream apex. However, if theoxygen-bearing layer is thick compared to the penetration depth, energetic ions sputter the mostO2, and the location of maximum sputtering follows the sub-solar point as Europa orbits Jupiter. (c)The global production rate of O2 from Europa’s surface varies by a factor of three depending uponthe moon’s orbital position, with the maximum particle release occurring when Europa’s sun-lit andupstream hemispheres coincide.
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Simulations of Europa’s Interaction with Jupiter’s Magnetosphere

C. D. K. Harris 1 IT

1 NASA Postdoctoral Program at JPL
The circulation and natural periodicities within Jupiter’s magnetosphere drive interaction of magne-tospheric plasma and magnetic fields with Europa’s surface, atmosphere, and ionosphere. Compu-tational models have been developed to simulate this interaction and explain observations of theVoyager and Galileo missions, and prepare for the up-coming JUICE and Europa Clipper missions.These models may incorporate numerous features and effects: Jupiter’s magnetospheric plasmaand magnetic fields; Europa’s O2 atmosphere; Europa’s tenuous ionosphere; the icy surface of themoon; water plumes; the time-varying magnetic field induced in Europa’s sub-surface ocean; and theeffects of the plasma interaction on pick-up ions and electromagnetic fields. Simulation techniquesrun the gamut from analytic representations of the electromagnetic properties of the interaction,fluid models that emphasize the plasma bulk properties, 3-dimensional models that simultaneouslysolve the electromagnetic and plasma properties with magnetohydrodynamic or hybrid approaches,and test-particle simulations of energetic particles. Inherent to the design of each simulation aretrades such as limited accuracy for increased computational efficiency, or between comprehensivetreatment of many features versus focus on particular effects. By comparing the results of simulationswith different strengths, and by incorporating the results of prior simulations in the specifications ofnew ones, more complete models for Europa’s plasma interaction can be constructed.
Since the late 90s such simulations have been used to understand how Europa’s different featurescouple together as a system. In this presentation, I will review the different space plasma simulationtechniques that have been applied to model Europa’s interaction with Jupiter’s magnetosphere. Iwill highlight several key examples from the literature, conventions in the model representations ofdifferent features, and trends in the interpretation of model results. I will conclude by summarizingthe state of models for Europa’s plasma interaction today, and identify likely avenues that simulationsmay explore in the future based on the current trends. With JUICE scheduled to launch in 2023, andEuropa Clipper in late 2024, I will also point out how observations from these missions will improvefuture models.
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Europa’s UV emissions from 2014-2020: Molecular atmosphere, hydrogen corona
and constraints on plumes

L. Roth 1, N. Ivchenko 1, T. Becker 2, K. Retherford 2, J. Saur 3, D. Strobel 4, A. Blöcker 5, D. Grodent 6,
L. Paganini 7

1 KTH, Stockholm Sweden 2 Southwest Research Institute, San Antonio TX, USA 3 University of Cologne,Germany 4 Johns Hopkins University, Baltimore MD, USA 7 LMUMünchen, Germany 6 University ofLiège, Belgium 7 American University, Washington DC, USA
We have analyzed a set of Hubble Space Telescope images of Europa’s ultraviolet emissions taken on 24days between 2014 and 2020. The images show oxygen emissions that originate from electron impactexcitation of the global O2 atmosphere and a contribution from a stable H2O atmosphere on thetrailing hemisphere. The oxygen emission brightness and morphology undergo systematic variationscorrelated to the periodically changing plasma environment as previously found for a subset of thisdataset. The derived sub-solar H2O atmosphere component suggests a considerable atmosphericasymmetry when the trailing hemisphere is illuminated. The hydrogen Lyman-alpha signal in the dataconfirms the presence of an extended H corona around Europa, with similar densities at all orbitallongitudes. After correction for the H corona contribution and reflected sunlight, we systematicallysearch for localized emissions related to H2O plumes in the Lyman-alpha images. We set upper limitson the H2O column densities at the limb of Europa in all images.

H2
+ pickup ions from Europa-genic H2 neutrals orbiting Jupiter

J. R. Szalay 1, H. T. Smith 2, E. J. Zirnstein 1, D. J.McComas 1, L. J. Begley 1, F. Bagenal 3, P. A. Delamere4,
R. J. Wilson 3, P. Valek 5, A. R. Poppe 6, Q. Nénon 7, F. Allegrini 5,8, R. W. Ebert 5,8, S. J. Bolton 5

1 Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey, USA 2 The JohnsHopkins University Applied Physics Laboratory, Maryland, USA 3 Laboratory for Atmospheric and SpacePhysics, University of Colorado Boulder, Boulder, Colorado, USA 4 Geophysical Institute, University ofAlaska Fairbanks, Fairbanks, AK, USA 5 Southwest Research Institute, San Antonio, Texas, USA
6 Space Sciences Laboratory, University of California at Berkeley, 7 Gauss Way, Berkeley, CA 94720,USA 7 Institut de Recherche en Astrophysique et Planétologie, CNRS-UPS-CNES, Toulouse, France
8 Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio, Texas, USA
Water-group gas continuously escapes from Jupiter’s icy moons to form co-orbiting populations ofparticles, or neutral toroidal clouds. We report the first observations of H2+ pickup ions in Jupiter’smagnetosphere from 13-18 Jovian radii, confirming the presence of a neutral H2 toroidal cloud. Pickupion densities are consistent with an advecting Europa-genic cloud source. As the observed H2+ ions areoriginally produced from H2 lost from Europa, the abundance of detected ions allows us to determinehow much neutral H2 is lost from Europa. Hence, these observations presented here for the firsttime directly measure ions from a neutral H2 toroidal cloud at Jupiter, prove the cloud provides anadditional plasma source in Jupiter’s magnetosphere, and provide the most direct constraints onEuropa’s loss of neutral H2 via observations of the neutral toroidal cloud’s primary loss process - pickupions.
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Examining the Europa plasma environment via a multi-dimensional physical chem-
istry model

D. Coffin 1, P. Delamere 1, F. Bagenal 2, E. Nerney 2

1 University of Alaska Fairbanks, USA 2 University of Colorado Boulder, USA
Europa is a key topic of interest for future missions due to its subsurface ocean being a suitablelocation for extraterrestrial life. To better understand this ocean, upcoming missions such as NASA’sEuropa Clipper intend to differentiate the magnetic induction signature from this subsurface oceanfrom magnetic field perturbations caused by the interaction between the moon and the surroundingplasma in the Jovian magnetosphere. To do this requires an understanding of the sharply varyingplasma environment at Europa (Bagenal et al, 2015), due to the moon’s location in the outer portionof the Io plasma torus. Key processes informing this surrounding plasma include the convolution ofphysical chemistry in the inner torus (near Io) and global transport processes. In addition, we analyzethe presence of superthermal electrons that are modulated by the System III/IV periodicities andcritical in producing subcorotational dynamics in the torus (Coffin et al, 2020). These superthermalelectrons may be partially sourced by radial transport through the region of Europa’s orbit (Hikida,2020).
Using a multi-dimensional physical chemistry model (described in Coffin et al, 2020), we investigateexpected plasma conditions at Europa. Physical chemistry models are essential for understanding themass and energy flow through the torus and take into account the interplay between charge exchange,ionization rates, and azimuthal and radial transport. In addition, the authors analyze the response ofthe torus to eruptions at either Io (sulfur and oxygen ions) or Europa (additional oxygen ions), andthe resulting effects on chemical and transport balances. In particular, the ratios of ionized oxygenspecies at Europa are poorly constrained (Steffl, 2004).
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Plasma observations during the June 7, 2021 Ganymede flyby from the Jovian
Auroral Distributions Experiment (JADE) on Juno

F. Allegrini 1,2, F. Bagenal 3, R. W. Ebert 1,2, P. Louarn 4, D. J. McComas 5, J. R. Szalay 5, P. Valek 1, R.
Wilson 3, S. J. Bolton 1, J. E. P. Connerney 6,7, G. Clark 8, S. Duling 9, W. S. Kurth 10, B. Mauk 8, J. Saur9,
J. H. Waite 1,2

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 SpacePhysics, University of Colorado Boulder, Boulder, Colorado, USA 4 Institut de Recherche en Astro-physique et Planétologie (IRAP), Toulouse, France 5 Department of Astrophysical Sciences, PrincetonUniversity, Princeton, New Jersey, USA 6 Space Research Corporation, Annapolis, Maryland, USA
7 NASA Goddard Space Flight Center, Greenbelt, Maryland, USA 8 The Johns Hopkins University AppliedPhysics Laboratory, Laurel, Maryland, USA 9 Institute of Geophysics and Meteorology, University ofCologne, Cologne, Germany 10 Department of Physics and Astronomy, University of Iowa, Iowa City,Iowa, USA.
We report on plasma observations from Juno/JADE during the Ganymede flyby on June 7th, 2021.Juno approached Ganymede from southern latitudes, passed through the wake region, then throughits magnetosphere to closest approach (1046 km from the surface) on the night side, and then backinto Jupiter’s plasma disk. We describe general plasma properties in the regions explored alongthe trajectory. We infer that Juno traversed a region of open field lines where one end interceptsGanymede and the other Jupiter. The observations do not support Juno crossing into the closed fieldline region. The ion composition near Ganymede is very different than that of the nearby plasmaenvironment. H2+ and H3+ ions were detected near Ganymede and in the wake region. Low energy(∼0.1 to 1 keV) electrons are enhanced just outside themagnetopause, in thewake (inbound trajectory)and in the magnetopause boundary layer (outbound trajectory).
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Ganymede MHDModel: Magnetospheric Context for Juno’s PJ34 Flyby

Stefan Duling 1, Joachim Saur 1, George Clark 2, Frederic Allegrini 3, Thomas Greathouse 3, Randy
Gladstone 3,4, William Kurth 5, John E. P. Connerney 6,7, Fran Bagenal 8, Ali H. Sulaiman 5

1 Institute of Geophysics and Meteorology, University of Cologne, Cologne, Germany 2 The JohnsHopkins University Applied Physics Laboratory, Laurel, Maryland, USA 3 Southwest Research Institute,San Antonio, Texas, USA 4 University of Texas at San Antonio, San Antonio, Texas, USA 5 Department ofPhysics and Astronomy, University of Iowa, Iowa City, Iowa, USA 6 NASA Goddard Space Flight Center,Greenbelt, Maryland, USA 7 Space Research Corporation, Annapolis, Maryland, USA 8 Laboratory forAtmospheric and Space Physics, University of Colorado, Boulder, Colorado, USA
On June 7th, 2021 the spacecraft Juno visited Ganymede and provided the first in situ observationssince Galileo’s last flyby in 2000. The measurements obtained along a one-dimensional trajectory canbe brought into global context with the help of three-dimensional magnetospheric models. Here weapply the model of Duling et. al. 2014 to conditions during the recent Juno flyby. In addition to theglobal distribution of plasma variables we providemapping of Juno’s position alongmagnetic field lines,Juno’s distance from closed field lines and detailed information about the magnetic field’s topologysuch as the boundary between open and closed field lines on Ganymede’s surface. To estimate thesensitivity of the model results, we carry out a parameter study with different upstream plasmaconditions and other model parameters. Utilizing auroral observations by Juno our model indicatesthat Juno did not enter the closed field line region unless the plasma pressure was exceptional low.
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UVS Observations of Ganymede’s Aurora During Juno Orbits 34 and 35

T. K. Greathouse 1, G. R. Gladstone 1,2, P. Molyneux 1, M. H. Versteeg 1, V. Hue 1, J. A. Kammer 1, M.
W. Davis 1, S. J. Bolton 1, R. Giles 1, S. Levin 3, J. E. P. Connerney 4,5, J.-C. Gérard 6, D. Grodent 6, B.
Bonfond 6, S. Duling 7, J. Saur 7 IT

1 Southwest Research Institute, San Antonio, Texas, USA 2 Physics and Astronomy Department, Univer-sity of Texas at San Antonio, Texas, USA 3 Jet Propulsion Laboratory, Pasadena, CA 4 Space ResearchCorporation, Annapolis, MD 5 NASA Goddard Space Flight Center, Greenbelt, MD 6 Space sciences,Technologies & Astrophysics Research (STAR) Institute, Université de Liège, Belgium 7 Institute ofGeophysics and Meteorology, University of Cologne, Cologne, Germany
Juno UVS, an ultraviolet spectrograph sensitive to wavelengths 68-210 nm, performed unique observa-tions of Ganymede’s aurora on the approach to Juno’s 34th and 35th perijoves (PJ). The combinationof Juno’s 2 rpm spin rate, UVS’ 7.2° long dog-bone shaped slit, and the UVS scan mirror allows forthe recording of 7.2°wide scans across Ganymede’s disk every 30 s. Through the wide slits we areable to capture integration times of 17 ms per spin for each resolution element in the observed swath.For the PJ34 Ganymede encounter on June 7, 2021 at 16:56:08 UTC, Juno UVS captured data during16:52-16:56-17:04 UTC at altitudes varying from 1124-1044-6750 km. Over this time period Ganymede’sangular diameter varied from 89°-91°-33° on the sky, while the nadir solar phase angle varied from148°-98°-32°. Juno UVS achieves a spatial resolution of 0.2° giving a best-case nadir spatial resolutionof 4 km (0.08° Ganymede latitude). The PJ34 UVS data provide a sparse, but high-resolution lookat Ganymede’s aurora, and can be used to locate the last closed field lines to an accuracy of aboutone degree of latitude. For the PJ35 Ganymede encounter on July 20, 2021 at 16:48:30 UTC, Juno UVScaptured data during 16:32-16:48-17:27 UTC. The increased observational period relative to the PJ34 en-counter is due to the larger range, 52,610-49,999-67,060 km, making the angular extent of Ganymedeonly 5.5°-5.7-4.3° on the sky (at a nadir solar phase angle 99°-81°-44°) and the best-case nadir spatialresolution 175 km (comparable to HST imagery). UVS not only spatially resolved Ganymede, but alsospectrally separates the prominent 130.4 and 135.6 nm O auroral emissions, and their diagnosticbrightness ratio.
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Global Simulations of Ganymede’s Magnetosphere during Juno’s Close Flyby

Xianzhe Jia 1, Yash Sarkango 1, Margaret Kivelson 1,2, Hongyang Zhou 3

1 University of Michigan, USA 2 UCLA, USA 3 University of Helsinki, Finland
On its PJ34 orbit, the Juno spacecraft flew by Ganymede with a closest approach altitude of about1000 km. During this flyby, Juno passed through the near-Ganymede magnetotail, a region that wasnot explored previously, thereby providing a unique opportunity to study the structure and dynamicsof the moon’s magnetotail. To place the Juno observations into proper global context, we havesimulated Ganymede’s magnetosphere using a series of global models with increasing complexity andsophistication, including ideal MHD, Hall MHD and MHD with Embedded Particle-In-Cell (MHD-EPIC)models. The simulations are driven by upstream conditions consistent with Juno in situ measurements,and incorporate an ionosphere model that takes into account effects of solar illumination and surfacesputtering. Comparisons of our simulation results with Juno data will be presented to facilitateinterpretation of the particles and fields as well as auroral observations, and implications for theglobal configuration and temporal variability of Ganymede’s magnetosphere during the Juno flyby willbe discussed.

Can Ganymede’s magnetopause interactions help us probe the moon’s subsurface
ocean?

Nawapat Kaweeyanun 1, AdamMasters 1

1 Department of Physics, Imperial College London, U.K.
The permanent magnetic field of Jupiter’s moon Ganymede is thought to arise from an Earth-likedynamo in the moon’s outer core, alongside a secondary time varying magnetic field induced byconvection in the moon’s subsurface ocean. Magnetic fields of Jupiter and Ganymede meet alonga current boundary known as the upstream magnetopause, whose location depends on delicatepressure balance and presence of plasma-magnetic interactions including magnetic reconnection. AsGanymede traverses the Jovian plasma sheet, magnetopause conditions vary at half-Jovian synodicperiod (∼5.4 hr), leading to equal-period oscillations of Chapman-Ferraro (C-F) currents and subse-quently Ganymede’s magnetospheric field. In this work, we show that the C-F magnetic signal willdiffuse into Ganymede’s subsurface ocean and cause magnetic induction. Then, we constrain themaximum amplitude of the C-F magnetic oscillation, obtaining maximum ocean inductive response of
∼1-10 nT. Improved magnetopause motion tracking is required to further specify this range. Never-theless, the response magnitudes lie comfortably within resolution of the magnetometer aboard theJUpiter ICy moon Explorer (JUICE). Hence, magnetopause interactions may become a viable tool forfuture induction-based study of Ganymede’s subsurface ocean.

83



Ion dynamics at the magnetopause of Ganymede

S. Fatemi 1, A. R. Poppe 2, A. Vorburger 1,3, J. Lindkvist 1, M. Hamrin 1

1 Department of Physics, Umeå University, Umeå, Sweden, 2 Space Sciences Laboratory, University ofCalifornia at Berkeley, Berkeley, CA, USA, 3 Physics Institute, University of Bern, Bern, Switzerland
We study the dynamics of the thermal O+ and H+ ions at Ganymede’s magnetopause when Ganymedeis inside and outside of the Jovian plasma sheet using a three-dimensional hybrid model of plasma(kinetic ions and charge neutralizing electron fluid). We investigate the contribution of differentelectric field terms, including the convective, Hall, ambipolar, and Ohmic and find that the Hall termis the dominant term at the magnetopause and in the magnetotail. We also present the globalstructure of the electric fields and power density (E · J) in the magnetosphere of Ganymede andshow that the power density at the magnetopause is mainly positive and on average is +0.95 nW/m3

and +0.75 nW/m3 when Ganymede is inside and outside the Jovian plasma sheet, respectively, butlocally it reaches over +20 nW/m3. Our kinetic simulations show that ion velocity distributions atthe vicinity of the upstream magnetopause of Ganymede are highly non-Maxwellian where thedominant component of the velocity distribution is parallel to the background magnetic field (i.e.,
T|| > T⊥). At the magnetopause, however, ions are substantially heated and the dominant componentof the velocity distribution is perpendicular to the background magnetic field (i.e., T|| < T⊥). Wealso investigate the energization of the ions interacting with the magnetopause and we find thatthe energy of those particles on average increases by a factor of 8 and 30 for the O+ and H+ ions,respectively. The energy of these ions is mostly within 1–100 keV for both species after interactionwith the magnetopause, but a few percentage reach to 0.1-1 MeV. Our kinetic simulations show that asmall fraction (<25%) of the co-rotating Jovian plasma reach the magnetopause, but among thosemore than 50% cross the high power density regions at the magnetopause and gain energy. We showa few example of ion trajectories that interact with the magnetopause and explain their dynamics.Finally, we compare our simulation results with Galileo observations of Ganymede’s magnetopausecrossings (i.e., G8 and G28 flybys). There is an excellent agreement between our simulations andobservations, particularly our simulations fully capture the size of the magnetosphere and reproducethe sharp magnetic transients at the magnetopause crossings.
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Energetic Charged Particle Observations during Juno’s Close Flyby of Ganymede

G. Clark 1, B. H. Mauk 1, C. Paranicas 1, P. Kollmann 1, D. Haggerty 1, A. Rymer 1, H. T. Smith 1, J. Saur
2, F. Allegrini 3,4, S. Duling 2, R. W. Ebert 3,4, W. S. Kurth 5, R. Gladstone 3, T. K. Greathouse 3, W. Li
6, F. Bagenal 7, J. E. P. Connerney 8,9, S. Bolton 3, J. Szalay 10, A. H. Sulaiman 5, C. J. Hansen 11, D. L.
Turner 1

1 Johns Hopkins Applied Physics Laboratory, Laurel, MDUSA 2 University of Cologne, Cologne, Germany
3 Southwest Research Institute, San Antonio, TX USA 4 University of Texas at San Antonio, San Antonio,TX USA 5 Department of Physics and Astronomy, University of Iowa, Iowa City, IA USA 6 Center forSpace Physics, Boston University, Boston, MA USA 7 Laboratory for Atmospheric and Space Physics,University of Colorado, Boulder, CO USA 8 Space Research Corporation, Annapolis, MD USA 9 NASAGoddard Space Flight Center, Greenbelt, MD USA 10 Department of Astrophysical Sciences, PrincetonUniversity, Princeton, NJ USA 11 Planetary Science Institute, Tucson, AZ USA
Ganymede-Jupiter’s largest moon-is the only known moon in the Solar System to generate its owninternal magnetic field (Kivelson et al., 1996, Gurnett et al., 1996) and therefore its space environmentis of high scientific interest. In part, what makes Ganymede so interesting is that its magnetic fieldforms a mini-magnetosphere, with field lines connected to both hemispheres, i.e., closed , embeddedwithin Jupiter’s magnetosphere where the Alfvénic Mach number (MA) is < 1 and therefore classifiedas a sub-Alfvénic interaction.
With just six flybys, the Galileo mission fundamentally changed our understanding of Ganymede andits space environment (e.g., Kivelson et al., 1996; Gurnett et al., 1996; Williams et al., 1997; Frank etal., 1997) while also providing comprehensive particle and field measurements that serve as fiducialpoints for magnetohydrodynamic (MHD) simulations (e.g., Paty and Winglee, 2004; Jia et al., 2008;Duling et al., 2014) and interpreting remote ultraviolet observations (e.g., McGrath et al., 2013). Evenso, there are many fundamental outstanding questions regarding Ganymede and its interaction withJupiter’s magnetosphere (e.g., see reviews by Kivelson et al., 2004 and Saur et al., 2021). A betterunderstanding of the space environment around Ganymede is also important as it is a diagnosticmedium to detect and characterize Ganymede’s subsurface ocean (Kivelson et al. 2002, Saur et al.2015). That brings us to the purpose of this letter: to document new observations from the closeGanymede encounter with the Jupiter polar orbiting mission, Juno.
On 7 June 2021, NASA’s Juno mission obtained unique measurements of Ganymede’s magnetosphereduring a close flyby that brought the spacecraft within∼1,000 km of its surface. Here Jupiter Energeticparticle Detector Instrument (JEDI) observations are presented and analyzed. The electron pitch angledistributions reveal distinct regions of Ganymede’s magnetosphere that can be characterized as in-bound and outbound magnetospheric boundaries, a magnetotail/wake region, and Ganymede’s openfield line region. Evidence for energy dependent electron pitch angle structuring is also documentedboth outside and within Ganymede’s magnetosphere. Electron precipitation is observed and mappedto Ganymede’s surface along Juno’s magnetic footprint.
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Evidence for Magnetic Reconnection at Ganymede’s Upstream Magnetopause
during the PJ34 Juno Flyby

R. W. Ebert 1,2, S. A. Fuselier 1,2, F. Allegrini 1,2, F. Bagenal 3, S. J. Bolton 1, G. Clark 4, J. E. P.
Connerney5,6, G. DiBraccio 6, S. Levin 7, D. J. McComas 8, J. Montgomery 2,1, N. Romanelli 6, J.
R. Szalay 8, P. Valek 1, and R. J. Wilson 3

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 SpacePhysics, University of Colorado Boulder, Boulder, Colorado, USA, 4 Johns Hopkins University AppliedPhysics Laboratory, Laurel, Maryland, USA, 5 Space Research Corporation, Annapolis, Maryland, USA,
6 NASA Goddard Space Flight Center, Greenbelt, Maryland, USA, 7 Jet Propulsion Laboratory, Pasadena,California, USA, 8 Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey,USA
Juno made a close flyby of Ganymede and flew through its magnetosphere on June 7, 2021. Thisflyby included a crossing of Ganymede’s upstream magnetopause on the outbound segment of thespacecraft transit. We present plasma and magnetic field observations near that magnetopausecrossing from Juno’s Jovian Auroral Distributions Experiment (JADE; McComas et al. 2017) and mag-netometer (MAG; Connerney et al. 2017), respectively. JADE observed enhanced electron fluxes,including accelerated, streaming electrons with uni- and bi-directional pitch angle distributions, asJuno crossed the magnetopause current layer (MCL) as identified by the magnetic field observations.The acceleration of cold ions, both protons and heavy ions originating from Ganymede, was alsoobserved on approach to the magnetopause along with a possible mixing of ions from Ganymede andJupiter’s plasma sheet within the MCL. These observations are used to examine the physics of plasmainteractions at this boundary, including evidence that magnetic reconnection, considered a key driverof magnetospheric dynamics at Ganymede, was occurring along the magnetopause at that time.
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In situ ion composition observations of Ganymede’s outflowing ionosphere

P.W. Valek 1, Hunter Waite 1, F. Allegrini 1,2, R. W. Ebert 1,2, F Bagenal 3, J. E. P. Connerney 4,5, W. S.
Kurth 6, J. R. Szalay 7, and R. Wilson 3

1 Southwest Research Institute, San Antonio, TX, USA, 2 Department of Physics and Astronomy,University of Texas at San Antonio, San Antonio, TX, USA, 3 Laboratory for Atmospheric and SpacePhysics, University of Colorado Boulder, Boulder, CO, USA, 4 Space Research Corporation, Annapolis,MD, USA, 5 Goddard Space Flight Center, Greenbelt, MD, 6 Department of Physics, University of Iowa,
7 Department of Astrophysical Sciences, Princeton University, Princeton, NJ, USA
The Juno spacecraft flew by Ganymede on 7 June 2021. During this flyby, the spacecraft passedthrough the Ganymede magnetosphere, approaching to an altitude of 1000 km. While inside themagnetosphere, the Jovian Auroral Distributions Experiment-Ion (JADE-I) sensor observed outflowingionospheric ions. The outflowing ions include O2+, water group ions (WG+), H2+, H+, and H3+.Numerically calculated densities agree with the electron density determined by the Waves instrument.The light ions (H+, H2+, and H3+) have a different character than the heavy ions (WG+ and O2+). Thelight ions appear to be in hydrostatic equilibrium, and the altitude profile is generally symmetric acrossthe day-night boundary. H3+ ions are an exception, with the ratio of H3+/H2+ being a factor 4 loweron the dayside than the night side. The heavy ions have higher densities on the dayside than thenight side. Velocity distributions show the ionospheric ions are outflowing, with no bi-directionalflow except possibly near the magnetopause. The outflowing flux of light ions peak near closestapproach, but the heavy ions peak on the dayside, similar to the density. Here we will present theJADE-I observations of the outflowing ions from the Ganymede ionosphere.
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Alternating north-south brightness ratio of Ganymede’s auroral ovals: Hubble Space
Telescope observations during the Juno PJ34 flyby

Joachim Saur 1, Stefan Duling 1, Alexandre Wennmacher 1, Clarissa Willmes 1, Lorenz Roth 2, Darrell
F. Strobel 3, Frederic Allegrini 4,10, Fran Bagenal 5 , Scott J. Bolton 4, Bertrand Bonfond 6, George Clark
7, Randy Gladstone 4,10 , T.K. Greathouse 4, Denis C. Grodent 6, Candice J. Hansen 8, W.S. Kurth11 ,
Glenn S. Orton 9, Kurt D. Retherford 4,10, Abigail M. Rymer 7, A.H. Sulaiman 11

1 University of Cologne, Germany 2 KTH, Royal Institute of Technology, Sweden 3 Johns HopkinsUniversity, USA 4 Southwest Research Institute, USA 5 University of Colorado, USA 6 University of Liege,Belgium 7 Applied Physics Laboratory Johns Hopkins University, USA 8 Planetary Science Institute,USA 9 Jet Propulsion Laboratory, California Institute of Technology, USA 10 University of Texas at SanAntonio, USA 11 University of Iowa, USA
We report results of Hubble Space Telescope (HST) observations from Ganymede’s orbitally trail-ing side which were taken around the flyby of the Juno spacecraft on June 7, 2021. We find thatGanymede’s northern and southern auroral ovals alternate in brightness such that the oval facingJupiter’s magnetospheric plasma sheet is brighter than the other one. This suggests that the generatorthat powers Ganymede’s aurora is the momentum of the Jovian plasma sheet north and south ofGanymede’s magnetosphere. Magnetic coupling of Ganymede to the plasma sheet above and belowthe moon causes asymmetric magnetic stresses and associated electromagnetic energy fluxes carryingthe power driving the auroral emission. No clear statistically significant time-variability of the auroralemission on short time scales of 100s could be resolved. We show that Ganymede’s auroral emissionat OI 1356 Å requires electron energy fluxes of several tens of mWm−2.
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Ganymede’s radiation cavity and radiation belt

P. Kollmann 1, C. Paranicas 1, G. Clark 1, B. Mauk 1, D. Haggerty 1, A. Rymer 1,2, F. Allegrini 3,4

1 Johns Hopkins University Applied Physics Laboratory, Laurel MD, USA 2 NASA headquarters, Washing-ton DC, USA 3 Southwest Research Institute, San Antonio TX, USA 4 University of Texas at San Antonio,San Antonio TX, USA
Ganymede’s magnetosphere is unique in the solar system because it is centered on a strongly mag-netized moon that is embedded within the strong magnetic field of a planet. Here we study thisconfiguration based on combined measurements from the recent Juno flyby that provided high qualitydata and the past Galileo flybys, some which reached deeper into Ganymede’s field than Juno.
We treat Ganymede like a planetarymagnetosphere and organize the energetic particlemeasurementsin the respective magnetic coordinates to avoid ambiguities between changes in distance, latitude,and equatorial pitch angle coverage. We find that Ganymede is surrounded by a large radiationcavity where the radiation intensities are smaller compared to surrounding magnetosphere of Jupiter.Particles are lost onto Ganymede during their bounce motion. The smooth shape of the pitch angledistribution suggests that the particle losses are enhanced by scattering, possibly due to wave-particleinteraction.
Deep within the cavity, at an altitude range below 1000km, Ganymede is forming a standaloneradiation belt that reaches up to hundreds of keV for oxygen and sulfur ions, and to at least MeVenergies for protons and electrons. This findingmay seem somewhat surprising given that Ganymede’sfield is similarly weak as Mercury’s where no radiation belts have been found. However, we calculateseveral trapping criteria and find that trapping up to these energies is indeed feasible at Ganymede.
In principle, Ganymede’s radiation belts may form simply from accumulating the radiation produced inJupiter’s magnetosphere. However, we find that the physics of Ganymede’s belt may instead be verysimilar to its planetary counterparts. Ganymede’s phase space density is rising toward Ganymede,suggesting that the radiation may be accelerated locally or be a transient phenomenon. Furtheranalysis on the time dependence of the radiation belt may be possible through the upcoming JUICEmission that will flyby and orbit Ganymede.
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Energetic particle fluxes onto Callisto’s atmosphere

Lucas Liuzzo 1, Andrew R. Poppe 1, Sven Simon 2, Peter Addison 2, Quentin Nénon 3, and Chris
Paranicas 4

1 Space Sciences Laboratory, University of California, Berkeley 2 School of Earth and Atmospheric Sci-ences, Georgia Institute of Technology 3 National Center for Scientific Research, Institut de Rechercheen Astrophysique et Planétologie, Toulouse, France 4 Applied Physics Laboratory, Johns HopkinsUniversity
Jupiter’s moon Callisto is exposed to a highly dynamic magnetospheric environment. During a fullsynodic period, properties of the local magnetospheric field and thermal plasma environment changeby an order of magnitude, and Callisto’s resulting interaction with the ambient plasma displays astrong variability.
In this study, we combine results from the AIKEF hybrid and GENTOo test-particle models to con-strain the variability of energetic particle dynamics and quantify their flux onto the top of Callisto’satmosphere during a synodic period. For three positions of Callisto with respect to the center of theJovian current sheet (at maximum distance above, maximum distance below, and embedded within),we model the interaction between Callisto’s atmosphere/ionosphere, its induced field, and ambientmagnetospheric plasma environment, and we trace energetic ions (hydrogen, oxygen, and sulfur) andelectrons through the perturbed electromagnetic fields. Our findings highlight the important role thatCallisto’s interaction with the low energy magnetospheric plasma and signatures associated with themoon’s induced field have on shaping the dynamics and flux patterns of the high-energy particles,which may play a role in the asymmetric ionization of, and energy deposition into, Callisto’s neutralatmosphere.
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Magnetosphere-Ionosphere-Thermosphere Coupling study at Jupiter Based on Juno
First 30 Orbits and Modelling Tools

Sariah Al Saati 1,2, Noé Clément 1,2,3, Corentin Louis 4,1, Michel Blanc 1,7, Yuxian Wang 5, Nicolas
André 1, Laurent Lamy 6,7, Jean-Claude Gérard 8, Bertrand Bonfond 8, Barry Mauk 9, George Clark 9,
Frederick Allegrini 12, Scott Bolton 10, Randy Gladstone 10, Jack Connerney 11, Stavros Kotsiaros 12,
William Kurth 13.
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13 University of Iowa, USA
The dynamics of the Jovian magnetosphere is controlled by the complex interplay of the planet’sfast rotation, its solar-wind interaction and its main plasma source at the Io torus, mediated bycoupling processes involving its thermosphere, ionosphere and magnetosphere, referred to as MITcoupling processes . At the ionospheric level, these processes can be characterized by a set of keyparameters which include ionospheric conductances, currents and electric fields, transport of chargedparticles along field lines which carry electric currents connecting the ionosphere and magnetosphere,and among them fluxes of electrons precipitating into the upper atmosphere which trigger auroralemissions. Determination 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. A methodbased on a combined use of Juno multi-instrument data (MAG, JADE, JEDI, UVS, JIRAM and WAVES)and three modelling tools was first developed by Wang et al. (2021) and applied to an analysis ofthe first nine Juno orbits to retrieve these key parameters along the Juno magnetic footprint. In thiscommunication we will extend this method to the first thirty Juno science orbits and to both north andsouth main auroral ovals crossings. Our results make it possible to characterize how the local systemsof field-aligned electric currents, height-integrated ionospheric conductances, electric currents andfields, and Joule and particle heating rates vary across the main ovals between their poleward andequatorward edges. They suggest that southern current systems display a trend consistent with thegeneration of a region of sub-corotating ionospheric plasma poleward of the main aurora, while thisdominant trend is not found around the northern main auroral oval. These results are discussed inthe light of the previous space and ground-based observations and currently available models ofplasma convection and current systems, and their implications for the dynamics of the thermosphere,ionosphere and magnetosphere of Jupiter are assessed.

91



Emptying of Jupiter’s Plasma Disk in March 2018

Fran Bagenal 1, Bertrand Bonfond 2, Thomas Greathouse 3, John E.P. Connerney 4, Peter Delamere 5,
William Kurth 6, J. Nichols 7, Chris Paranicas 8, Robert Wilson 1

1 University of Colorado Boulder, USA 2 University of Liege, Belgium 3 Southwest Research Institute,Texas, USA 4 Goddard Space Flight Center, Maryland, USA 5 University of Alaska, Fairbanks, USA
6 University of Iowa, Iowa, USA 7 University of Leicester, UK 8 Applied Physics Lab, The Johns HopkinsUniversity, Maryland, USA
Huscher et al. (2021) presented a survey of the Juno-JADE plasma data over orbits 5-26 betweenMarch2017 and April 2020, focusing on the inbound plasma sheet crossings. There was one particular orbit,PJ12, where the plasma sheet was notably absent with very low densities. Juno traversed from 50 RJ into 10 RJ between Day Of Year 87 to 91 in 2018. The orbits before and after showed typical plasma sheetdensities. The Juno-JEDI data showed low energetic particle fluxes at these times and the Juno-FGMmagnetic field data were consistent with a significantly reduced magnetodisc current (Connerney etal. 2020). We present the range of Juno data for this period, compare with extrapolation of solar windconditions to 5 AU, and estimate the time scales for emptying and re-filling of the plasma disk.

Plasmoids and Dipolarizations in the Jovian Magnetotail: Statistical Survey of Ion
Acceleration with Juno Observations

A. Blöcker 1, E. A. Kronberg 1, E. E. Grigorenko 2, G. Clark 3, L. Kozak 4, M. F. Vogt 5, E. Roussos 6

1 Ludwig Maximilian University of Munich, Munich, Germany, 2 Space Research Institute, RussianAcademy of Sciences, Moscow, Russia, 3 Johns Hopkins University Applied Physics Laboratory, Laurel,MD, USA, 4 Astronomy and Space Physics Department, Kyev Taras Shevchenko University, Kyev, Ukraine,
5 Center for Space Physics, Boston University, Boston, MA, USA, 6 Max Planck Institute for Solar SystemResearch, Göttingen, Germany
Jupiter’s magnetosphere provides a unique natural laboratory to study processes of energy transportand transformation. Strong electric fields in spatially confined structures such as plasmoids and dipo-larizations can be responsible for ion acceleration to high energies. We focus on the effectiveness ofion energization and acceleration in plasmoids and dipolarizations. Therefore, we present a statisticalstudy of plasmoid and dipolarization structures in the predawn magnetotail, which were identifiedin the magnetometer data of the Juno spacecraft from 2016 to 2018. For our study we additionallyuse the energetic particle observations from the Jupiter Energetic Particle Detector Instrument (JEDI)which discriminates between different ion species. We are particularly interested in the accelerationof oxygen, sulfur, helium and hydrogen ions in plasmoids and how these processes are affected by theevent properties, such as the radial distance and the local time of the observed plasmoids inside themagnetotail. We find significant heavy ion acceleration in plasmoids close to the current sheet centerwhich is in line with the previous statistical results on acceleration in plasmoids based on Galileoobservations conducted by Kronberg et al. (2019). The observed effectiveness of the accelerationis dependent on the position of Juno during the plasmoid event. Furthermore, we investigate ifnon-adiabatic acceleration of ions is present in plasmoids and dipolarizations and if the accelerationprocess is related to electromagnetic fluctuations.
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Anoverviewof the radiation bursts observedby Juno-UVS above the polar regions

B. Bonfond 1, R. Gladstone 2, D. Grodent 1, J.-C. Gérard 1, R. Giles 2, T. Greathouse 1, K. Haewsantati1,3,
V. Hue 2, J. Kammer 2, C. Paranicas 4, M. Verteeeg 2

1 Université de Liège, Belgium 2 Southwest Research Institute, USA 3 Chiang Mai University, Thailand 4

Johns Hopkins University / Applied Physics Laboratory, USA
One of the surprising results from the Juno mission is the quasi-ubiquitous finding of anti-planetwardcharged particles escaping along the magnetic field lines from the polar-most regions. Some of theseelectrons are so energetic (on the order of 10MeV) that they can penetrate through Juno’s ultravioletimaging spectrograph (Juno-UVS)’s shielding and hit the detector. Contrary to the continuous radiationbombardment that is typically observed when Juno crosses the radiation belt’s horns and whichcauses a quasi-continuous background on the UV images, the radiation-caused noise observed abovethe poles registers on the images as parallel stripes looking like bar-codes. In this study, we furtherexplore these so-called bar-code events that have been observed during the 40 first Juno orbits andwe essentially confirm earlier results based on a more limited number of observations. Among otherresults, we will show plots of their occurrence superposed to maps of the aurora, demonstratingthat they are quasi-systematically connected to the polar region. We will also show that they mostlyappear when UVS is pointed down to Jupiter, a signature of a field-aligned, up-going population. Whilethere are upward MeV electron beams over a broader range of latitudes, the subset of the mostintense beams is in the polar region. These beams are seen in the north and south but in the northernhemisphere they are more prevalent when the polar region is not illuminated.

A consolidated catalogue of Jovian decametric radio observations observed in
Nançay from January 1978 to December 1990

Cecconi, Baptiste 1,2 Debisschop, Laura 1 Lamy, Laurent 1,2,3

1 LESIA, Observatoire de Paris-PSL, CNRS, Sorbonne Univ., Univ. de Paris, Meudon, France 2 USN,Observatoire de Paris-PSL, CNRS, Univ. d’Orleans, Nançay, France 3 Aix Marseille Univ, CNRS, CNES,LAM, Marseille, France
A series of five Jovian decametric radio emission catalogues covering 13 years of observations (1978 to1990) and published between 1981 and 1993 has been compiled after a digitisation process. The newcatalogue has been validated and is provided in a standardised and interoperable format.
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Transport and Ion Anisotropy in the Io plasma torus

Frank Crary1

1 University of Colorado, Boulder, Laboratory for Atmospheric and Space Physics
Ion cyclotron waves have often been observed in regions of plasma production. The initial ring-beamdistribution of pickup ions is highly anisotropic. This temperature anisotropy is unstable and generateselectromagnetic ion cyclotron waves. The waves can be easily identified, since they are narrow-band,left-circularly polarized, transverse and at a frequency slightly less than the gyrofrequency of thepickup ions. Such waves were commonly observed by the Cassini spacecraft, near the equator andbetween 3.5 and 6 Saturn radii from the planet. The Galileo spacecraft observed these waves in thevicinity of Io and Europa. However, to date, no such waves have been observed by the Juno spacecraft,despite being in regions where plasma production and ion anisotropy would be expected.
This presentation describes amodel of ion temperature anisotropywhich explains these non-detections.Unlike the case of Saturn’s magnetosphere, the densities in the Io plasma torus are sufficient forCoulomb collisions to reduce anisotropy on timescales comparable to the ionization and transportrates. Further, ion production at Jupiter involves more electron impact ionization (which drives bothanisotropy and plasma transport) relative to charge exchange (which drives anisotropy but not trans-port) than is the case in Saturn’s magnetosphere. Finally, collisions reduce anisotropy very rapidlyonce plasma has been transported out of the immediate region. These results, combined with theobservations and lack of observations of ion cyclotron waves, may indicate that plasma sources inJupiter are relatively local and concentrated near the vicinity of moons, as opposed to occurring in abroad, distributed neutral cloud.
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A new, generalmodel for radial transport of plasma, angularmomentum and energy
in the magnetospheres of Jupiter and Saturn

Marie Devinat 1,2, Michel Blanc 1,3, Nicolas André 1, Quentin Nénon 1

1 Institut de Recherche en Astrophysique et Planétologie (IRAP), CNRS-Université Toulouse III-CNES),Toulouse, France 2 Ecole Normale Supérieure Paris-Saclay, Université Paris-Saclay, Gif-sur-Yvette,France 3 Laboratoire d’Astrophysique de Marseille (LAM), CNRS-AMU, Marseille, France
The magnetospheres of giant planets are governed by the interplay of these planets’ fast rotation, thesolar wind and inner plasma sources. In the Saturn and Jupiter magnetospheres, plasma is mainlyproduced by the ionization of neutral gas tori at the radial location of active moons: Io at Jupiterand Enceladus at Saturn. The mechanisms by which these moon-associated plasma sources areredistributed throughout these magnetospheres involve both plasma motions and magnetic flux tubeexchanges. These motions are coupled to the rotation of the planets through electric current systemsoriginating in the equatorial plasma disk and closing into their upper atmosphere and ionosphere.
Models of the net effects of these different mechanisms on the radial transport of plasma are neededto adequately reproduce the observed populations of electrons and ions in the magnetospheresof giant planets and to establish the net budgets of exchange of plasma, angular momentum andenergy between moons, magnetospheres and their host planets. Up to now, two different typesof transport models have been developed. The first type (Cowley and Bunce, 2001; Cowley etal., 2005 and following studies) assumes an infinitely thin plasma disk with null temperature andpressure and derives the transport of angular momentum in the magnetosphere with due account ofmagnetosphere-ionosphere-thermosphere (MIT) coupling. In the second type of model (Bagenal andDelamere, 2011; Ng et al., 2018), radial diffusion of full flux tubes with finite temperature is calculatedthroughout the disk, taking into account hydrodynamical properties of the plasma and turbulentheating in the absence of MIT coupling.
A self-consistent modelling of radial transport in the magnetosphere of giant planets requires theunification of the two approaches into a full description of the interactions between the plasma diskcontent, the magnetosphere and the ionosphere-thermosphere of the planet. In this communication,we introduce an approach combining these two types of models to design a more general model. Thisnew type of model will describe radial transport of plasma, angular momentum and energy in theJupiter and Saturn magnetospheres taking into account both diffusive/advective plasma transportand exchange of angular momentum with the planet’s upper atmosphere. It will be tested againstmagnetosphere observations by the Juno mission at Jupiter and the Cassini mission at Saturn.
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The First Detection of X-rays from Uranus and the Next Observing Campaign

W. Dunn 1, A. Wibisono 1, J-U. Ness 2, L. Lamy 3,4, G. Branduardi-Raymont 1, L. Fletcher 5, G. Tremblay
6, B. Snios 6, R. Kraft 6, Z. Yao 7

1 Mullard Space Science Laboratory, University College London, Dorking, UK 2 European Space Astron-omy 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 University of Leicester, School of Physics and Astronomy, Leicester, LE1 7RH, UK 6 Center forAstrophysics, Harvard & Smithsonian, Cambridge, MA, USA 7 Key Laboratory of Earth and PlanetaryPhysics, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing, China
Within the solar system, X-ray emissions have been detected from every planet except the Ice Giants:Uranus and Neptune. Here, we present three Chandra X-ray Observations of Uranus (each 24-30 ksduration): an Advanced CCD Imaging Spectrometer (ACIS) observation during solar maximum on 7August 2002 and two High Resolution Camera (HRC) observations during solar minimum on 11 and12 November 2017. The ACIS observation from 2002 shows a low signal but statistically significantdetection of X-rays from Uranus. The measured Uranus X-ray fluxes of 10-15-10-16 erg/cm2/s from thisdetection are consistent with upper limits andmodelling predictions in previous work (Ness & Schmidt.2000; Cravens et al. 2006). The photon energy distribution from this observation is consistent withan X-ray emission from charge exchange or scattering of solar photons, as observed for Jupiter andSaturn. The two HRC observations from 2017 constitute non-detections. For 11 Nov 2017, the X-rayemission coincident with Uranus’ location is dimmer than 98% of the Field of View. For 12 November2017 the Uranus region was 4 times brighter, and brighter than 94% of the Field of View (1.6 standarddeviations > Field of View mean). At this time the Uranus coincident X-ray signature also exhibitstiming variation distinct from the field of view.
While the 3 original Chandra observations of Uranus were short-duration, exploratory observationsdesigned to test for a detection, our team (PI: Wibisono) recently won an extended campaign, whichwill constitute 120 hours of XMM-Newton observations of Uranus. These will provide higher sensitivityspectral and temporal resolution of the X-ray emissions from Uranus. We close the poster by outliningthese exciting new observations.
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Plasma Observations Across Jupiter’s Southern Polar Magnetopause

R. W. Ebert 1,2, F. Allegrini 1,2, R. Bandyopadhyay 3, F. Bagenal 4, S. J. Bolton 1, J. E. P. Connerney 5,6,
W. S. Kurth 7, D. J. McComas 3, J. Montgomery 2,1, J. R. Szalay 3, P. Valek 1, and R. J. Wilson 4

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 Astrophysical Sciences,Princeton University, Princeton, New Jersey, USA, 4 Laboratory for Atmospheric and Space Physics,University of Colorado Boulder, Boulder, Colorado, USA, 5 Space Research Corporation, Annapolis,MD, USA, 6 NASA Goddard Space Flight Center, Greenbelt, MD, USA, 7 Department of Physics andAstronomy, University of Iowa, Iowa City, Iowa, USA
Juno’s orbit during its extended mission provides an opportunity for in-situ exploration of the outerregions of Jupiter’s southern polar magnetosphere. Exploring these regions to investigate the inter-action and accessibility to the interplanetary medium is a key magnetospheric science objective ofthe extended mission. The spacecraft made its first crossing of Jupiter’s polar magnetopause at highsouthern latitude on December 25, 2021 at a radial distance of 97 RJ and has made several additionalcrossings since. We report on plasma observations near these magnetopause crossings along withspatial information for where they occurred. The observations show clear, extended entries into thepolar magnetosheath along with boundary regions containing a mixture of Jovian and solar windplasma. These observations will provide important constraints for the 3-D structure of Jupiter’s polarmagnetosphere and new understanding for how the solar wind interacts with Jupiter’s magnetosphereat high latitude.
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Fine and coarse spectral structures of Jovian radio emissions revealed by Juno and
Cassini

Georg Fischer 1, Ulrich Taubenschuss 2, David Pisa 2

1 Space Research Institute, Austrian Academy of Sciences, Graz, Austria 2 Institute of AtmosphericPhysics, Czech Academy of Sciences, Prague, Czech Republic
Cassini flew past Jupiter in 2000/2001, and Juno is orbiting the gas giant since mid-2016. Bothspacecraft were or are equipped with radio and plasma wave instruments being able to measure radioemissions with high time and frequency resolution. In this presentation, we focus on the spectralproperties of Jovian kilometric radiation (KOM), which can take the form of a narrow-banded (nKOM)or a broad-banded (bKOM) emission. The generation mechanism of the two emissions is probablydifferent. It is certain that bKOM is caused by the cyclotron maser instability, whereas nKOMmight becaused by a mode conversion of upper hybrid waves at the boundary layer of the Io plasma torus. Thismight also lead to different spectral structures: While nKOM is very smooth and practically shows nofine structures, one can find zebra patterns and striations in bKOM, the latter being mostly downwarddrifting linear features with bandwidths of a few 100 Hz. On the other hand, the kilometric radiationsat Saturn or Earth not only show striations, but they are also full of linear features with bandwidthsof the order of 1 kHz and durations of some tens of seconds. Such fine structures are almost absentin bKOM, and the linear features of positive and negative slope seen in bKOM spectra should ratherbe called coarse structures: Their typical bandwidth is around 10 kHz, and they last for some tens ofminutes. We also investigate the occurrence of these coarse bKOM structures.
Additionally we show the fine structures of other radio waves at Jupiter like trapped continuumemission, Jovian anomalous continuum, narrowband emissions, and several emissions below theelectron cyclotron frequency like lightning whistlers, chorus, hiss and possible Z-mode emissions.
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Localized hot electron inflow on the dusk side during transient brightening in Io
plasma torus observed by Hisaki/EXCEED

Kento Furukawa1, Fuminori Tsuchiya1, Masato Kagitani1, Kazuo Yoshioka2, Ichiro Yoshikawa2,
Tomoki Kimura3, Hajime Kita4, Go Murakami5, Atsushi Yamazaki5, Hiroaki Misawa1, Yasumasa
Kasaba1

1 Tohoku University, 2 The University of Tokyo, 3 Tokyo University of Science, 4 Tohoku Institute ofTechnology, 5 JAXA
The Hisaki satellite has observed 10% transient increases in the intensity of the Io plasma torus (IPT)emission in the inner magnetosphere (r<8Rj) over a time scale of several to ten hours after a transientbrightening of Jupiter’s UV auroral emission. Since the plasma convection in the Jupitermagnetosphereis dominated by the planetary rotation, it has been considered that the fast transport of energy in theradial direction is not significant. However, this transient phenomenon suggests that the effects oftransient energy release in the middle or outer magnetospheres, which cause auroral brightening,extend to the IPT on a time scale of a few tens of hours. Considering that the relaxation time of hotelectrons with energy of several hundred eV in the IPT due to Coulomb collisions is comparable to thetime scale of the brightening, previous studies interpreted the cause of brightening as the influx ofhot electrons into the IPT from outer part of the magnetosphere. In this study, we investigated thestart local time (LT) of the IPT brightening from the extreme ultraviolet (EUV) spectra observed by theHISAKI satellite and clarified the inflow position of hot electrons in the IPT. The field-of-view of theEUV spectrograph onboard the HISAKI satellite is 360 arcsec and enables to observe the radial spatialstructure of the IPT emission in both dawn and dusk sides. We obtained the intensity of sulfur ionemission by integrating the EUV spectrum from 65 nm to 77 nm in wavelength, and then determinedthe start LT of the IPT brightening by dividing the spatial distribution of the IPT into 10 parts in eachdawn and dusk region (20 regions in total). The integration time was set to 10 minutes. In order todetect the IPT brightening with an amplitude of 10%, the trend of the intrinsic periodic variationsin the torus (System III period: 9.93 h, System IV period: 10.14 h, and Io’s orbital period: 42.46 h)were fitted by the least-squares method and eliminated from the data. The transient brighteningevent in the IPT was defined as an event in which 16 among of the 20 regions showed an increasein emission of at least 2σ from mean in a 10-hour period. 19 brightening events were identified in2014-2016. Among them, the start LT positions were identified for 16 events. 13 events started in thedusk side, and 9 of them were localized at LT14-16. Assuming that the cause of the brightening is theinflow of hot electrons, this result indicates that inflow of hot electrons in the IPT tend to localize atLT14-16. In the rotation-dominant magnetosphere, the transport of plasma in the radial direction isthought to be caused by interchange instability driven by centrifugal forces. Since the centrifugal forcewhich acts on plasmas is independent of LT, it is expected that inflow of hot electron would occur inall LT region. The result presented here shows different picture of Jovian magnetosphere from thatpreviously thought.
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H+
3 auroral densities, cooling rate and conductance from Juno FUV and infrared

observations

J.-C. Gérard 1, L. Gkouvelis 2, B. Bonfond 1, R. Gladstone 3,4, A. Mura 5, V. Hue 3, T.K. Greathouse 3, G.
Sicorello 1, D. Grodent 1, A. Adriani 5

1 LPAP, STAR Institute, Université de Liège, Belgium 2 NASA AMES Research Center, California, USA
3 Southwest Research Institute, San Antonio, Texas, USA 4 Physics and Astronomy department, Univer-sity of Texas at San Antonio, Texas, USA 5 IAPS-INAF, Rome, Italy
Auroral precipitation significantly enhances the H+

3 ion density in the Jovian ionosphere as a re-sult of the creation of H+
2 ions followed by charge transfer on ambient H2 molecules. This densityenhancement has several important consequences:

- it generates additional cooling through infrared radiation to space (the H+
3 thermostat effect) -it increases the ionospheric conductance which is an important component of the current loopsconnecting the Jovian magnetosphere and ionosphere - it makes it possible to image the auroralstructures at high latitude - it provides an excellent remote sensing tool to probe the thermospherictemperature

During a few perijove passes, simultaneous infrared (JIRAM) and ultraviolet (UVS) quasi-global maps ofthe Jovian aurora are available. The globally integrated H+
3 cooling power is in the range 2-4 terawattsin both hemispheres, close to the particle heating power. We use the FUV H2 brightness and colorratio to derive the characteristics of the electron precipitation and model the H+

3 radiance for eachUVS map pixel. Comparison of H+
3 modeled radiance maps with the JIRAM observations generallyshows good agreement, with some localized differences. The spatially integrated H+

3 cooling powersfrom the model are in close agreement with the global JIRAM values. In this presentation, we comparethe H+
3 column density derived from the UVS images and model with values in the literature based onH+

3 ground based spectral measurements. We also illustrate the H+
3 density altitude distribution atdifferent locations and investigate its dependence on the methane profile we use. These results will beuseful for validation of 3-D models of the global Jovian energy balance in the upper atmosphere.
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H3
+ auroral densities, cooling rate and conductance from Juno FUV and infrared

observations
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Grodent 1, A. Adriani 5
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Auroral precipitation significantly enhances the H3+ ion density in the Jovian ionosphere as a resultof the creation of H2+ ions followed by charge transfer on ambient H2 molecules. This densityenhancement has several important consequences:
- it generates additional cooling through infrared radiation to space (the H3+ thermostat effect) - itincreases the ionospheric conductivity which is an important part of the current loops connecting theJovian magnetosphere and ionosphere - it makes it possible to image the auroral structures at highlatitude - it provides an excellent tool to probe the thermospheric temperature
The UltraViolet Spectrograph (UVS) instrument on board Juno measures the H2 Lyman and Wernerbands whose brightness is a proxy of the precipitated auroral electron flux. The 3.3-3.6 µm spectralwindow of the JIRAM L-band imager maps the H3+ thermal radiance with unprecedented spatialresolution. During a few perijove passes, datasets provide simultaneous infrared and ultravioletquantitative quasi-global maps of the Jovian aurora. The globally integrated H3+ cooling power isin the range 2-4 terawatts in both hemispheres, close to the particle heating power. We also usethe FUV H2 brightness and color ratio to derive the characteristics of the electron precipitation andmodel the H3+ radiance for each UVS map pixel. Comparison of H3+ modeled radiance maps withthe JIRAM observations shows general good agreement with some local differences. The spatiallyintegrated H3+ cooling powers from the model are in close agreement with the global JIRAM values.In this presentation, we compare the H3+ column density derived from the UVS images and modelwith values in the literature based on H3+ ground based spectral measurements. We also illustrate theH3+ density altitude distribution at different locations and investigate its dependence on the methaneprofile we use. These results will be useful for validation of 3-D models of the global Jovian energybalance in the upper atmosphere.
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Mapping Jupiter’s Lyman-α Airglow with Juno UVS

D. W. Gómez 1,2, G. R. Gladstone 2,1, T. K. Greathouse 2, M. H. Versteeg 2, V. Hue 2, J. A. Kammer 2, R.
S. Giles 2, M. W. Davis 2, J.-C. Gérard 3, D. Grodent 3, and B. Bonfond 3

1 Physics and Astronomy Department, University of Texas at San Antonio, Texas, USA 2 SouthwestResearch Institute, San Antonio, Texas, USA 3 STAR Institute, Université de Liège, Liège, Belgium
Jupiter’s low latitude upper atmosphere is a region with notable airglow emissions. We can view theseemissions using Juno’s UltraViolet Spectrograph (UVS). A major component of Jupiter’s far-utravioletairglow is from Lyman alpha (Lyα) emissions largely caused by scattering of solar Lyα light off H atomsin Jupiter’s thermosphere. Juno’s low altitude ( 3500 km above the 1-bar level) perijoves allow UVSto detect hydrogen Lyα emissions in all directions, and to create maps that inform us about thevertical structure of Jupiter’s upper atmosphere. We present preliminary results to characterize theseemissions and how they vary with respect to spacecraft latitude, longitude, zenith angle, and localtime information. We will use the results from many perijove passes to model the atmosphere anddetermine properties about the population of hydrogen that we find in Jupiter’s low latitudes.
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Jupiter’s colorful hair
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1 Université de Liège, Belgium, 2 Chiang Mai University, Thailand, 3 Southwest Research Institute, USA,
4 Istituto nazionale di astrofisica, Italy
Auroral emissions on Jupiter form intricate structures. Theymay be conveniently separated by transientand more permanent features. Transient features often appear in the poleward-most sector of theauroral polar region and are usually found to depend on the direction of the Sun. Interestingly, thebrightness and morphology of these polar emissions, at least in the north, appear to depend bothon local time, but also on the sub-solar longitude. On the other hand, the permanent or longer-lifetime auroral emissions are frequently associated with the main and outer emissions and arefound to move close to corotation with Jupiter. However, this distinction between transient auroralfeatures that are poleward and fixed in local time, and permanent features that are equatorward andcorotating is somewhat artificial and may not include other types of auroral emissions. The dawnstorm and the polar bright spot are two examples of such auroral emissions not following this simplecategorization.
The global morphology of Jupiter’s aurora was largely constrained by observations with HST, whichonly sees Jupiter’s dayside hemisphere. Thanks to the polar orbit of Juno, we now have access toviews of the aurora at all local times and in particular to the night side hemisphere. We have combinedHST-STIS, Juno-UVS and Juno-JIRAM observations of Jupiter’s UV and IR aurora to bring forward anew type of auroral structure - Jupiter’s hair - forming long-term multiple arcs whose orientation andlocation are influenced by local time. They extend from the poleward boundary of the main emissionto the polar region, in the afternoon sector. This structure presumably encompasses previouslyfound auroral features like the poleward auroral filament, transpolar arcs, and the auroral bridgestructure.
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Dawn-Dusk asymmetry in Jupiter’s main auroral emissions

A. Groulard 1, B. Bonfond 1, D. Grodent 1, J.-C. Gérard 1

1 University of Liège, Belgium
Previous studies of Hubble Space Telescope’s (HST) observations of the UV main auroral emissionsat Jupiter indicate that the dusk side of the aurora is brighter than the dawn side, contrary to sometheoretical expectations. However, images from the HST suffer from an incomplete view of the poleand from a selection bias related to the inclination of the magnetic dipole. Now that Juno is orbitingJupiter, more data and better views of the auroral regions are being collected. Using UVS, the UVspectrograph on board Juno, we can create comprehensive maps of the auroral regions for both thenorthern and southern hemisphere, without any orientation bias. Based on Juno’s 39 first perijovesand using the model of Jupiter’s magnetosphere from Vogt et al. (2011), we could isolate the auroralfeatures associated with the dawn and dusk sectors. Then, we derive the power emitted by the dawnand dusk parts of the aurorae and compare our results to the previous HST observations.

The Effects of Local Time Asymmetries in Auroral Currents on Ionospheric Outflow
at Jupiter

H. Joyce 1, L.C. Ray 1, C.S. Arridge 1, C.J. Martin 2.

1 Lancaster University, Lancaster, UK 2 USASK: Institute of Space and Atmospheric Studies, Universityof Saskatchewan, Saskatoon, Canada
Ionospheric outflow is a process driven by pressure gradients between the magnetosphere andionosphere. This gradient generates an ambipolar electric field between the electrons and heavierions, which are then accelerated into the magnetosphere. Though identified as a process that occursat Jupiter, there have not been many studies on the phenomena, as the source of plasma it providesto the magnetosphere is considered less important than that from Io. Quantifying the ionosphericoutflow rate, however, is essential to understanding the dynamics of the Jovian system. Preliminarystudies have shown that ionospheric outflow rates vary with latitude due to auroral currents. However,the effects of dawn-dusk asymmetries in Jupiter’s main auroral emission have not yet been considered.We will investigate how local time variations in auroral current densities and emission width affectionospheric outflow rates using the recently developed IonoSpheric Outflow in Rapidly RotatingSystems (ISORRS) model. We will discuss how variations in the outflow may feed into magnetosphere-ionosphere coupling dynamics.
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Magnetic reconnection near the planet as a possible driver of Jupiter’s mysterious
polar auroras

A. Masters 1, W. R. Dunn 2,3, T. S. Stallard 4, H. Manners 1, J. Stawarz 1, T. Greathouse 5, N. Achilleos
2,3.

1 Imperial College London, UK 2 University College London, UK 3 The Centre for Planetary Sciences atUCL/Birkbeck, UK 4 University of Leicester, UK 5 Southwest Research Institute, USA.
Auroral emissions have been extensively observed at the Earth, Jupiter, and Saturn. These planets allhave appreciable atmospheres and strong magnetic fields, and their auroras predominantly originatefrom a region encircling each magnetic pole. However, Jupiter’s auroras poleward of these mainemissions are brighter and more dynamic, and the drivers responsible for much of these mysteriouspolar auroras have eluded identification to date. We propose that part of the solution may stem fromJupiter’s stronger magnetic field. We model large-scale Alfvénic perturbations propagating throughthe polar magnetosphere towards Jupiter, showing that the resulting <0.1° deflections of the magneticfield closest to the planet could trigger magnetic reconnection as near as 0.2 Jupiter radii abovethe cloud tops. At Earth and Saturn this physics should be negligible, but reconnection electric fieldstrengths above Jupiter’s poles can approach 1 V m-1, typical of the solar corona. We suggest thisnear-planet reconnection could generate beams of high-energy electrons capable of explaining someof Jupiter’s polar auroras. Beyond this core idea, we go on to assess the potential source of triggeringperturbations from the magnetosphere and explore the role of the ionosphere as a potential reasonfor hemispheric and local time asymmetries in the swirl emissions. Finally, we outline hypothesesthat can be tested by observations made by the ongoing Juno mission.

Ionospheric heating above Jupiter’s Great Red Spot: NASA IRTF iSHELL observa-
tions

Henrik Melin 1, James O’Donoghue 2, Tom Stallard 1, Luke Moore 3, Nahid Chowdhury 1, Emma
Thomas 1

1 University of Leicester 2 JAXA 3 Boston University
Ground-based observations of the H+

3 ionosphere above the Great Red Spot (GRS) have been shown byO’Donoghue et al. (Nature, 2016) to be several hundreds of degrees Kelvin hotter than the surroundingupper atmosphere. This indicated the presence of a heating source, not related to the redistributionof auroral energy. Instead, it was suggested that gravity/acoustic waves generated within the fiercestorm propagate upwards in altitude into the upper atmosphere where they break and release theirenergy. Here, we revisit this hypothesis with observations taken with the NASA IRTF iSHELL instrumentin 2019 and 2021. The GRS region was scanned on each occasion to produce a map of the region,revealing temperature and ion density fields. We show that whilst wave heating was present on oneoccasion, it was largely absent on another. This suggests that the mechanism is variable withe time.We also explore the location of the heating relative to the GRS, identifying where in the tropospherethese waves are generated.

105



Applying Information Theory to GAMERA Simulations of Jupiter and Saturn-like
Magnetospheres

B. Mino 1, B. Neupane 1, P. Delamere 1, K. Sorathia 2, S. Wing 2, J.R. Johnson 3, P. Damiano 1, A.
Schok 1

1 University of Alaska Fairbanks Geophysical Institute, USA 2 Johns Hopkins University Applied PhysicsLaboratory, USA 3 Andrews University, USA
The inner mechanisms driving electron density fluctuations in the magnetospheres of outer planetssuch as Saturn and Jupiter are not fully understood. In order to further understand these fluctuations,we employ information theory. Information theory is a useful tool for understanding the flow ofinformation in a system by examining how the changes in one parameter affect another. This allowsus to determine causal relationships between variables, even nonlinear relationships. We utilizeinformation theory to investigate the links between parameter changes in various regions of themagnetosphere as a function of lag time, such as howmagnetic field changes in themidnight tail sectoraffect the electron density in the dawn sector. This process is extended to several other combinationsof parameters such as vorticity and particle velocity in other regions of the magnetosphere as well.These methods are applied to magnetospheric simulations of Saturn and Jupiter produced by theGAMERA (Grid Agnostic MHD for Extended Research Applications) code, a reinvention of the high-heritage LFM code. Applying information theory will allow us to better understand the electron densityfluctuations and structures present in these simulations.

Reconsideration for causalities of occurrence features of Io-related Jupiter’s radio
emission

H. Misawa1, A. Kumamoto1, R. Yasuda1

1 Tohoku University, Japan
The following questions; ’What kind of magneto-ionic wave Jupiter’s auroral radio emission is?’ and’How the radio emission is generated?’ have been long years of subjects. I have investigated the sub-jects based on numerical calculations using several kinds of magnetic field and plasma density models,however, the questions have not been resolved yet: a hypothesis of a special energy transporterwhich does not meet with the observation results was needed. Recently Jupiter’s new magneticfield model ’JRM09’ was proposed based on the JUNO Jupiter explorer conducting in-situ magneticfield measurements near Jupiter (Connerney+, GRL, 2018). We have tried to make a 3D raytracinganalysis for Io-DAM using the JRM09 model. The preliminary analyses show that R-X mode wavesare preferable as Io-DAM and the JRM09 model gives more natural explanations for the origin ofIo-DAM, though there still remain some questions on restriction of ’Io-DAM’ and on origin of Io-C; i.e.,some additional energy input process(es) so as to meet the ray emitting conditions with the observedIo-DAM sources.
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Chasing Shadows in Jupiter’s Ionosphere: constraints on electron density and
chemical lifetime

L. Moore 1, T. Stallard 2, H. Melin 2, J. O’Donoghue 3, N. Chowdhury 2, E. Thomas 2, R. Wang 2, R.
Mapaye 1

1 Boston University 2 University of Leicester 3 JAXA
We present observations and modeling of the response of Jupiter’s non-auroral ionosphere to thepassage of Ganymede’s shadow near local noon. Such eclipses occur regularly at Jupiter and offera unique opportunity to measure the chemical lifetime of the dominant molecular ion at the giantplanets, H3+. The chemical loss of H3+ is mainly through dissociative recombination with electrons.Therefore, the rate of H3+ decay after eclipse onset is an excellent proxy for a fundamental ionosphericcomponent that is difficult to measure remotely, and has never been measured during the daytime:electron density. Similarly, the post-eclipse rise of H3+ is directly correlated with net ion production,and any increase in the modeled, solar EUV-driven H3+ rise could therefore be due to ionization fromparticle precipitation sources (e.g., pitch-angle scattering of radiation belt particles). Our initial resultsare not definitive, but so far show that, if present at these latitudes, particle precipitation is extremelyminimal.

Three case studies tracking injection signatures in the UV aurora at the Jovian
Southern hemisphere

D. Moral-Pombo 1, S.V. Badman 1, J.D. Nichols 2

1 Lancaster University, UK 2 University of Leicester, UK
Radial transport in Jupiter’s magnetosphere can be traced using UV auroral images. We extendprevious analysis of Jupiter’s secondary auroral oval (observed as transient arcs located betweenthe main emission and the Io footprint) to understand the processes controlling its appearance. Wepresent three case studies, each with images of the northern and southern aurorae spaced overseveral days, to show the development of the secondary oval following dawn storms and/or injectionsignatures. These observations reveal how plasma transport and associated auroral precipitation varyover timescales of hours to days.
By focusing on the injection signatures’ behaviour spanning several consecutive HST visits, we willfurther investigate both their magnetospheric drivers and the cause for the distinct Southern mor-phology. By tracing the temporal evolution of the auroral emission through different morphologicalfamilies (as defined by Grodent et al., 2018) we will obtain a more complete depiction of the injectionsignatures on the Jovian Southern hemisphere.
Finally, by estimating a mean location for the Southern main oval from the existing HST data, thelatitudinal shifting of features such as the injection signatures and the secondary oval can be studied.This displacement is directly associated with the reconfiguration of the magnetic field lines.
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Using Io Input/Output observatory (IoIO) observations to determine if mass flow
in Jupiter’s magnetosphere driven by internal or external processes

Jeffrey P. Morgenthaler 1 Carl Schmidt 2 Max Marconi 3 Marissa Vogt 2 Nick Schneider 4

1 Planetary Science Institute, USA 2 Boston University, USA 3 Prisma Basic Research, USA 4 ColoradoUniversity, Boulder, USA
Jupiter’s magnetosphere is heavily mass-laden thanks ultimately to Io’s volcanism. This mass fluxcauses several major features: its overall large size, extended magnetodisk and strong current sheet.Importantly, modulation of this mass flux is not directly coupled to modulation of the flux of materialfrom Io: this material is buffered for a period of 20 – 80 days in the Io plasma torus (IPT). Oncehaving left the IPT, plasma spirals out of the magnetosphere within a matter of days (e.g. Baganal& Delamere 2011). In this way, physical mechanisms in the IPT ultimately control mass flux in themagnetosphere.
The rate of transport through the IPT has been observed to increase non-linearly as the flux of materialfrom Io increases (Brown & Bouchez 1997) at the same time as a population of superthermal electronsgrows (Steffl et al. 2008, Yoshioka et al. 2018). Observational and theoretical considerations suggestthese electrons are excited by Alfven waves in the IPT that are triggered by mass flow in the IPT(Frank et al. 2000, Hess et al. 2011). However, particle injection events, which have their source fromreconfiguration of the middle and outer magnetosphere also provide hot electrons into Jupiter’s innermagnetosphere (e.g. Louarn et al. 2014). Do the electrons that are related to mass flow in the IPTderive their source from inside the IPT or the middle and outer magnetosphere? Theoretical andobservational work differs on the answer to this question (Copper et al. 2016 and Coffin et al. 2020,Yoshikawa et al. 2016, Yoshioka et al. 2018, Hikida et al. 2020).
We are addressing this question from a perspective different than previous workers. Rather than con-centrating on UV emissions stimulated by superthermal electrons, we use visible S+ 673 nm emissionsstimulated by the thermal electrons to observe the total mass to the IPT. We use contemporaneouslyrecorded images of the inner 150 Rj of the Jovian sodium nebula, which capture the key physicalprocesses of the creation of pickup ions and loss due to neutralization (Wilson et al. 2002). As a result,we can solve the following mass balance equation for the last term, the material flux out of the torus,which is not directly observable due to low contrast relative to the background plasma.
dMIPT

dt
= dMin_ionization

dt
− dMout_neutralization

dt
− dMout_plasma

dt

We use modulation in the dawn-dust electric field, measured using the positions of the IPT ansas, as aproxy for events in the middle and outer magnetosphere. We will present an analysis of 5 years ofdata collected by PSI’s Io Input/Output robotic observatory (IoIO), focusing on modulation of the IPTansa positions and dMIPT

dt
, and a preliminary estimate of the next two terms in the above equation.

This work is supported by NSF grants 1616928 and 2109219 to PSI and NASA grant 80NSSC20K0559 toBU.
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Using the Io plasma torus as a probe of Io’s atmosphere (yes, you read that right)

Jeffrey P. Morgenthaler 1 Max Marconi 2 Carl Schmidt 3 Marissa Vogt 3 Nick Schneider 4

1 Planetary Science Institute, USA 2 Prisma Basic Research, USA 3 Boston University, USA 4 ColoradoUniversity, Boulder, USA
Various spectroscopic emission lines in Io’s atmosphere are excited by plasma torus electrons. Thus,Io’s integrated atmospheric emission has been used as a proxy for the upstream torus electron density(e.g., Scherb & Smyth 1993, Oliversen et al. 2001). Detailed spectro-imaging studies have shown Io’satmospheric emission is distributed non-uniformly. Bright spots are seen on Io’s sub- and anti-Jovianhemispheres, roughly at the tangent points of Jupiter’s magnetic field on Io. There is also moreuniformly distributed diffuse emission (Roesler et al. 1999, Geissler et al. 2004, Roth et al. 2014).
We use 3000 spectroscopic observations of Io in [OI] 630 nm, collected over an 18-year period (anextension of the Oliversen et al. dataset), to constrain the free parameters of the Smyth & Marconisemi-empirical plasma torus model. The model provides values for the electron density that are fixedin the natural “plasmacentric” coordinate system of the plasma, which accounts for effects such asJupiter’s offset, tilted dipole field and the ratio of the corotational to convection electric field, ϵ⃗ (Smyth& Combi 1988). The version of the model we use is based on the electron density profile measuredby Voyager 1 and uses parameters very close to those found for the ground-based case by Smyth,Peterson & Marconi (2011; their Figure 17a), specifically:

• | ϵ⃗ | = 0.025
• The electron density is scaled by 0.76 inside of 5.72 Rj in plasmacentric coordinates
• The scale factor that converts model electron density to [OI] 630 nm emission is 2.0± 0.8×1015R cm3

Interestingly, when Io is east of Jupiter, the model scale factors are systematically 25% higher than onthe west. This effect is does not have its origins in the spectroscopic extractions or model, suggestingit is an intrinsic property of Io’s atmospheric interaction with the torus.
One possible explanation of this effect is found in the modulation of the relative brightnesses ofIo’s diffuse and spot emissions. In the UV, the diffuse component is 25% brighter on the east (Rothet al. 2014, Figure 10). The UV morphology work was normalized to Io’s total brightness to avoidthe complication of modulation by electron density – the larger effect. By using our results, whichaccount for modulations in the electron density through the Smyth & Marconi torus model andcalculations that account for different excitation rates between the UV and visible emission lines, amore comprehensive picture of Io’s atmospheric interaction with the torus can be derived.
This research has been supported by NASA grant 80NSSC17K0733 to the Planetary Science Institute
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Pitch angle distribution of MeV electrons in the magnetosphere of Jupiter

Q. Nénon 1, L. P. Miller 2, P. Kollmann 3, L. Liuzzo 4, M. Pinto 5 and O. Witasse 6

1 CNRS-IRAP, Toulouse, France 2 Fundamental Technologies LLC, Lawrence, USA 3 JHU-APL, Laurel, USA
4 UCB-SSL, Berkeley, USA 5 Laboratory of Instrumentation and Experimental Particle Physics, Lisbon,Portugal 6 ESA-ESTEC, Noorwdijk, The Netherlands
The magnetosphere of Jupiter harbors the most extreme fluxes of MeV electrons in the solar systemand therefore provides a testbed of choice to understand the origin, transport, acceleration, and lossof energetic electrons in planetary magnetospheres. Along this objective, the Pitch Angle Distribution(PAD) of the charged particles may reveal signatures of the dominant physical processes. Here, weanalyze for the first time the PAD of MeV electrons observed by the Galileo-Energetic Particle Detector(EPD) in orbit around Jupiter from 1995 to 2003. Our first finding is that the MeV electron PADsobserved by the EPD telescopes, with relatively large angular apertures, appear relatively isotropicwith a flux anisotropy lower than a factor of 3. The fine anisotropy observed by Galileo-EPD revealspersistent pancake distributions for MeV electrons at L=9. At L=15, L=19, and L=26-60, pancake,isotropic, and scattered beam field-aligned distributions have been observed. The scattered beamdistributions transiently have intensities comparable to or greater than the isotropic and pancakedistributions. This last finding suggests that auroral acceleration mechanisms may be an important ifnot dominant source of trapped MeV electrons in the middle magnetosphere of Jupiter.
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The Diffusion-Advection Turbulent HeatingModel for Giant PlanetMagnetospheres:
New Results Based on Juno Data

C. S. Ng 1, B. R. Neupane 1, P. A. Delamere 1, and P. A. Damiano 1

1 Geophysical Institute, University of Alaska Fairbanks, PO Box 757320, Fairbanks, AK 99775, USA
The ion temperature of the magnetospheres of Jupiter and Saturn was observed to increase sub-stantially from about 10 to 30 planet radii. This suggests that there should be some heating sourcesto counter the cooling effect due to adiabatic expansion. There have been several models trying toexplain such observation using different heating mechanisms, including a heating model for Jupiterbased on magnetohydrodynamic (MHD) turbulence [Saur, Astrophys. J. Lett., 602, L137 (2004)] withflux-tube diffusion. More recently, an MHD turbulent heating model based on advection was shownto also explain the temperature increase at Jupiter [Ng et al., J. Geophys. Res., 123, 6611 (2018)] andSaturn [Neupane et al., J. Geophys. Res., 126, e2020JA027986 (2021)]. We have developed this turbu-lent heating model further [Ng et al., Geophys. Res. Lett., 49, e2021GL096662 (2022)] by combiningeffects from both diffusion and advection. The combined model resolves the physical consistencyrequirement that diffusion should dominate over advection when the radial flow velocity is smalland vice versa when it is large. Comparisons with observations show that previous agreements usingthe advection only model are still valid for larger radial distance. Moreover, the additional heatingby including diffusion for smaller radial distance results in a faster increase of the temperature thanpredicted by the advection only model. New results from this model based on the latest Juno datawill be presented.
This work is supported by NASA grants 80NSSC20K1279, 80NSSC19K094.
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Case study of Ganymede’s footprint location shifts in respond with the volcanic
eruptions at Io and the solar wind compression

T. Promfu 1,3, J D. Nichols 4, S. Wannawichian 2,3, J T. Clarke 5, M. F. Vogt 5, and B. Bonfond 6

1 Ph.D. Program in Applied Physics, Department of Physics and Materials Science, Faculty of Science,Chiang Mai University, Thailand 2 Department of Physics and Materials Science, Faculty of Science,Chiang Mai University, Thailand 3 National Astronomical Research Institute of Thailand (Public Organi-zation), Maerim, Chiang Mai, Thailand 4 Department of Physics and Astronomy, University of Leicester,Leicester LE1 7RH, UK 5 Center for Space Physics, Boston University, Boston, MA USA 6 LPAP, STARInstitute, Université Liège, Liège, Belgium
We present here a study of the latitudinal variations of the location of Ganymede’s footprint (GFP)observed by the Hubble Space Telescope (HST) in 2007 and 2016. We assess the variation of GFPlocations based on both internal and external factors, which are 1) fluctuations of themass outflow rate(M) of the magnetospheric plasma originating from Io’s volcanic activity and 2) solar wind variations,respectively. The plasma density inside Jupiter’s magnetosphere increases due to the volcanic materialon Io resulting in the stretching of magnetic field lines, which affects the equatorward shift of GFP.Meanwhile, the solar wind compression affects the decreased size of the magnetosphere, resulting inthe poleward shift of GFP. Deviations of GFP location are assessed by comparison with the Ganymedemapped path by JRM33 (Connerney et al.,2022) and with the average path by Bonfond et al., 2017. Wefocus in particular on four epochs for which there are observations of the GFP with similar System IIIlongitude: 1) DOY 054 and DOY 068 (February - March 2007), 2) DOY 132, DOY 154, and DOY 161 (May -June 2007), 3) DOY 178 and DOY 199 (June - July 2016), and 4) DOY 148 and DOY 155 (May - June 2016).We compare the observation with the magnetodisc model (Nichols et al., 2015) by considering thevariation of the hot plasma parameter (Kh) andM to the field line mapping in Jupiter’s ionosphere forthe magnetosphere size of 80 RJ and 50 RJ (during the compression). We found that the observationalresults are consistent with the positions mapped by the magnetodisc model. In addition, the modelledresult shows that the compression of themagnetosphere could relate to the increase ofKh in Jupiter’smagnetosphere. The results show that the shifts of GFP in case 1 and case 3 could be affected by theexternal factor. We also found the slightly equatorward shift in case 4 which could be dominated bythe internal factor. Additionally, we presented the special event in case 2 where GFP is located in asimilar location, which could be affected by the internal and the external factors at the same time.
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Magnetosphere-ionosphere coupling at Jupiter during Juno’s Prime mission

G. Provan 1, A. Kamran 1, E. J. Bunce 1, S. W. H. Cowley 1 , and J. D. Nichols 1

1 University of Leicester, UK.
We study magnetosphere-ionosphere coupling at Jupiter during the Juno prime mission, consideringmagnetic field observations from Juno’s Perijoves 1-32. We compare the azimuthal magnetic fieldand the associated determination of the Jupiter’s ionospheric meridional Pedersen current, withpredictions from a model of magnetosphere-ionosphere coupling developed at the University ofLeicester. We find that the Leicester model closely predicts the magnitude of the residual azimuthalfield component of the field across the middle and outer magnetosphere regions, and across the tail.However, we highlight two areas of discrepancies between the model and the data. On field linesmapping to the outer magnetosphere region, the model predicts an increase in the magnitude of theBphi component of the magnetic field with ionospheric colatitude, whilst we observe a decrease. Thiscould suggests that the community needs an updated ionospheric angular velocity flow model for theJuno era. Furthermore, we do not observe the predicted upward-directed current at the boundarybetween the outer magnetosphere and field lines mapping to the tail. Currently the model includes aconstant ionospheric conductivity. We suggest that the model might be improved by considering avariable ionospheric conductivity. Finally, we produce maps of meridional ionospheric currents anddiscuss the variation of ionospheric currents with local time.
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Quasi-Static Acceleration Regions as the source of Bi-Directional Electron Beams at
Jupiter

D. Constable 1,2, L.C. Ray 1, S.V. Badman 1, C.S. Arridge 1, H. Gunell 3

1 Lancaster University, Lancaster, UK, 2 University of Highlands and Islands - Inverness, Inverness, UK,
3 Umeå University, Umeå, Sweden
Particle precipitation at Jupiter is responsible for the most powerful aurora in our solar system. Ifcharged particles are accelerated along the planets magnetic field at high-latitude, they can precipitateinto the atmosphere, interacting with the atmospheric constituents, and resulting in auroral emission.The generated aurora depends on the type of precipitating particle, its energy, and the atom it interactswith in the atmosphere.
At Earth, there has been significant research into double layers (also known as quasi-static accelerationregions, or field-aligned potentials) as a mechanism for charged particle acceleration in the high-latitude auroral regions. Double layers are characterised by an ordering of plasma into adjacent layersof equal and opposite charge, which results in sharp gradient in the electric field - the accelerationregion. Although short lived phenomena, these acceleration regions can be inferred in spacecraft datathrough the presence of inverted-V structures, field aligned acceleration, and kilovolt to megavoltpotentials. Although well studied at Earth, few double layer signatures have been detected at Jupiterby the Juno spacecraft.
Using a 1-D spatial, 2-D Vlasovmodel, we examine high-latitude field lines connected to Jupiter’s auroralregions, in order to examine the impact of double layers. Taking advantage of model parallelisation,the use of a high-performance computing system, and by examining a reduced section of the field line,we can calculate density and potential profiles along the field line, and how they evolve over time.We enforce the formation of a double layer, and thus, an acceleration region, close to the planet, byholding the ionospheric end of our model at a fixed potential. In the present investigation, we focuson the upward current region.
Our results indicate that the repeated collapse and reformation of the double layer, is responsible forintense mono-energetic electron beams, which are sourced from Jupiter itself. The double layers areshort lived phenomena, but due to their idealised treatment, they quickly reform. These resultantbeams travel in both directions from the maximum spatial extent of the acceleration region - towardsthe outer magnetosphere and towards the ionosphere, where the electrons can precipitate. Such aresult has significant implications: firstly, it offers an explanation to the repeated detection of upwardtravelling electron beams observed by the Juno spacecraft. Moreover, it explains the absence ofdouble layers observed by Juno - they are short lived phenomena, lasting less than a second in anidealised scenario, and extend a maximum distance of 2.5 RJ along the high-latitude magnetic field.Lastly, our model indicates that electrons which originate from Jupiter contribute a significant amountto the overall electron precipitation population.
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Revealing the local time structure of Alfvén radii and travel times in the Jovian
Magnetosphere

A. Jenkins 1,2, L. C. Ray 1, S. V. Badman 1, C. T. S. Lorch 1

1Lancaster University, Lancaster, UK 2 Edinburgh Science, Edinburgh, UK
Plasma in the Jovian magnetosphere requires angular momentum transfer to be brought towardscorotation with Jupiter’s ionosphere. This is facilitated by Alfvén waves. However, past the Alfvénradius, the radial velocity of the plasma is greater than the Alfvén velocity, such that the plasmabecomes decoupled from the ionosphere. Jupiter’s middle magnetosphere is often assumed to beaxially symmetric, however, studies have shown significant local time asymmetries to be present in themagnetic field data (e.g. Vogt et al. [2011], Lorch et al. [2021]). Previous estimates of the Alfvén radiuslocation did not account for such local time asymmetries. Here we show that the location of Jupiter’sAlfvén radius varies strongly with local time. We find aminimumAlfvén radius of 30 RJ at midnight and,most interestingly, that no Alfvén radius within 60 RJ between 08 LT and 20 LT. This implies that plasmacan become decoupled at in the midnight-dawn sector while still orbiting Jupiter, and then enter aregion where re-coupling is possible. Additionally, Alfvén travel times for distances greater than 40 RJallow plasma to move between different regions of radial current density before having momentumtransferred. The implication is that the angular momentum supplied would no longer be appropriateto the local conditions of the rotated plasma, leading to less efficient magnetosphere-ionospherecoupling.
A Novel Source of Radiation Belt Particles at Jupiter

Abigail Rymer 1,2

1 NASA HQ 2 Johns Hopkins APL
The discovery of polar energetic neutral atoms (ENAs) at Jupiter leads us to revisit a previous specula-tion that they might be a source of radiation belt particles. The scenario would be that some fractionof the ENAs produced in the auroral zone become re-ionized in time to become trapped on closedradiation belt field lines, thus providing a source of keV-MeV particles without the need for additionalenergization processes. In this presentation we will introduce the suggested process and discusswhether it might provide a significant additional source of radiation belt particles.
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Magnetic field fluctuations in Jupiter’s magnetosphere: GAMERA model and Juno
data comparison

A. Schok 1, P. A. Delamere 1, P. A. Damiano 1, B. Mino 1, K. Sorathia 2, A. Sciola 2, S. Wing 2, B.
Zhang3,4, X. Ma 5, J. R. Johnson 6

1 University of Alaska Fairbanks 2 JHU/APL 3 Department of Earth Sciences, the University of Hong Kong
4 High Altitude Observatory, National Center for Atmospheric Research 5 Embry-Riddle AeronauticalUniversity 6 Andrews University
The ability to quantify and understand magnetic field fluctuations in Jupiter’s magnetosphere isan important basis for further understanding transport processes and magnetodisc structure. TheJuno spacecraft has a polar orbit around Jupiter, moving farther longitudinally from dawn to duskas each orbit progresses, this trajectory allows us a look at the magnetic field properties in thedawn, midnight, and dawn/midnight sectors. Recent Grid Agnostic MHD for Extended ResearchApplications (GAMERA) global simulations of Jupiter’s magnetosphere [Zhang et al., 2021] suggestthat the dawnside magnetosphere is characterized by closed magnetic field lines that either corotatewith the planet in the form of the magnetodisc, or map to large distances along the dawn-tail flankregion and, therefore, do not appear to corotate. To test the validity of the modeled magnetic fieldtopology, we quantified magnetic field fluctuations as functions of distance from the centrifugalequator plane [Phipps and Bagenal, 2021], local time (i.e., by Juno orbit) and radial distance. In variousspatial regions we examined periodicities due to magnetic field fluctuations on two time-scales. Thetime-scale from 1-60 minutes may be associated with eigenoscillations of the magnetodisc resonantcavity. The time-scale from 1-10 hours could be related to internally (e.g., magnetodisc structureand Vasiliunas tail reconnection) vs. externally driven periodicities (e.g, Kelvin-Helmholtz waves).Observations made will then be compared to analysis done on the GAMERA global simulation ofJupiter’s magnetosphere.
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Jupiter’s low-altitude auroral zones: Fields, particles, plasma waves, and density
depletions

A. H. Sulaiman1, F. Allegrini 2,3, G. Clark 4, G. R. Gladstone 2,3, S. Kotsiaros 5, W. S. Kurth 1, B. H.
Mauk 4, J. R. Szalay 6, F. Bagenal 7, B. Bonfond 8, J. E. P. Connerney 9,10, R. W. Ebert 2,3, S. S. Elliott
11, D. J. Gershman 10, G. B. Hospodarsky 1, V. Hue 2, R. L. Lysak 11, A. Masters 12, O. Santolík 13,14, J.
Saur15, S. J. Bolton 2

1 Department of Physics and Astronomy, University of Iowa, Iowa City, IA, USA. 2 Southwest ResearchInstitute, San Antonio, TX, USA. 3 Department of Physics and Astronomy, University of Texas at SanAntonio, San Antonio, TX, USA. 4 Johns Hopkins University, Applied Physics Laboratory, Laurel, MD,USA. 5 DTU-Space, Technical University of Denmark, Kongens Lyngby, Denmark 6 Department ofAstrophysical Sciences, Princeton University, Princeton, NJ, USA 7 Laboratory for Atmospheric andSpace Physics, University of Colorado Boulder, Boulder, CO, USA. 8 Space Sciences, Technologies andAstrophysics Research Institute, LPAP, Université de Liège, Liège, Belgium 9 Space Research Corporation,Annapolis, MD, USA 10 NASA/Goddard Space Flight Center, Greenbelt, Maryland, USA. 11 MinnetotaInstitute for Astrophysics, School of Physics and Astronomy, University of Minnesota, Minneapolis,MN, USA. 12 Blackett Laboratory, Imperial College London, London, UK. 13 Department of SpacePhysics, Institute of Atmospheric Physics of the Czech Academy of Sciences, Prague, Czechia. 14

Faculty of Mathematics and Physics, Charles University, Prague, Czechia. 15 Institute of Geophysicsand Meteorology, University of Cologne, Cologne, Germany
The Juno spacecraft’s polar orbits have enabled direct sampling of Jupiter’s low-altitude auroral fieldlines. How various auroral signatures can be reconciled across all datasets and fit into the biggerpicture of Jupiter’s auroral generation mechanisms remains to be established. Jupiter’s main aurorahas been classified into distinct zones , based on repeatable signatures found in energetic electronand proton spectra. We combine fields, particles, and plasma wave datasets to analyze Zone-I andZone-II, which are suggested to carry the upward and downward field-aligned currents, respectively.We find Zone-I to have well-defined boundaries across all datasets. H+ and/or H3+ cyclotron waves arecommonly observed in Zone-I in the presence of energetic upward H+ beams and downward energeticelectron beams. Zone-II, on the other hand, does not have a clear poleward boundary with the polarcap, and its signatures are more sporadic. Large-amplitude solitary waves, which are reminiscent ofthose ubiquitous in Earth’s downward current region, are a key feature of Zone-II. Alfvénic fluctuationsare most prominent in the diffuse aurora and are repeatedly found to diminish in Zone-I and Zone-II,likely due to dissipation, at higher altitudes, to energize auroral electrons. Finally, we identify sharpand well-defined electron density depletions, by up to two orders of magnitude, in Zone-I, and discusstheir important implications for the development of parallel potentials, Alfvénic dissipation, and radiowave generation.
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Closed Fluxtubes and Proton Conics in Jupiter’s Polar Cap

J. R. Szalay 1, G. Clark 2, G. Livadiotis 1, D. J.McComas 1, D. G.Mitchell 2, J. S. Rankin 1, A. H. Sulaiman3,
F. Allegrini 4,5, F. Bagenal 6, R. W. Ebert 4,5, G. R. Gladstone 4, W. S. Kurth 3, B. H. Mauk 2, P. Valek4,
R. J. Wilson 6, S. J. Bolton 4

1 Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey, USA 2 TheJohns Hopkins University Applied Physics Laboratory, Maryland, USA 3 University of Iowa, Iowa, USA
4 Southwest Research Institute, San Antonio, Texas, USA 5 Department of Physics and Astronomy,University of Texas at San Antonio, San Antonio, Texas, USA 6 Laboratory for Atmospheric and SpacePhysics, University of Colorado Boulder, Boulder, Colorado, USA
We present a discrete observation of diverse plasma populations and evidence of closed magnetictopology at Jupiter’s polar cap. Two distinct populations of protons are observed over Jupiter’ssouthern polar cap: a 1 keV core population and 1-300 keV dispersive conic population at 6-7 RJplanetocentric distance. We find the 1 keV core protons are likely the seed population for the higher-energy dispersive conics. Contemporaneous observations of whistler-mode emissions indicate thepresence of outward field-aligned electrons, suggestive of parallel electric fields. We find transientwave-particle heating in a pressure-cooker process is likely responsible for the proton acceleration. Theplasma characteristics and composition during this period show that Jupiter’s polar-most field lines canbe topologically closed, with conjugate magnetic footpoints connected to both hemispheres. Finally,these observations demonstrate energetic protons can be accelerated into Jupiter’s magnetotail viawave-particle coupling.
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How windy are Uranus’ aurorae?: Measuring ionospheric ion flows and extending
the cartography of the infrared aurorae at Uranus

E.M. Thomas 1, H. Melin 1, T.S. Stallard 1, M.N. Chowdhury 1, R. Wang 1

1 University of Leicester, UK
Measurements of H+

3 at Uranus for 30 years have but recently shed light into the morphology ofUranus’s infrared aurora. Observations in late-2006 by Thomas, et al., in review showed enhancedemissions in the northern hemisphere similar in latitudinal range to the northern aurora (Herbertand Sandel, 1994). Surrounding temperatures confirmed these enhancements were not thermallydriven, andwith elevated column densities it was surmised these emissions were the first near-infraredauroral observations of the northern infrared aurora. Similarly, a strong dawn enhancement in infraredemissions was observed in mid-2016 by Melin, et al., 2019. These emissions were localised to latitudesassociated with southern aurora but were unable to confirm if the event was auroral as no physicalparameters (temperature, ion density or ion flows) were investigated. Together these campaigns wereunable to fully chart the whole aurorae and so the mystery of the complete auroral morphology atUranus has remained largely unanswered.
Our recent research has taken these investigations and further extended our cartography of theupper atmosphere of Uranus, by surveying observations over the last two decades. To confirm ifenhancements are auroral, additional surveys of H+

3 temperature, column density and in somecampaigns, the first observed ionospheric ion flows at Uranus have been produced. The study ofion flows at Jupiter (Stallard, et al., 2016 and Johnson, et al., 2017) and Saturn (Stallard, et al., 2019and Chowdhury, et al., 2022) allowed a greater understanding of the ionosphere-magnetosphereconnectivity at these planets, and so using ion flow results as a definitive indicator of auroral activitywe can begin to understand the ionosphere-magnetosphere interactions at Uranus. We presentfurther analysis of observations presented by Melin, et al., 2019 (including an extra 2 days of analysisnot previously published) with particular focus on these ion flows. Initial findings present significantlyvaried ion flows at auroral latitudes showing a glimpse of the ion transport systems at the planet’saurora. We also observe an enhancedH+
3 intensity on the dusk limb of Uranus, as was first seen inMelin, et al., 2019, suggesting the lifetime ofH+

3 is far longer than expected.
These initial ion flow findings at Uranus present a unique avenue of investigation of auroral detectionat Uranus and with the use of high spectral resolution instruments, we hope this tool will strengthenupcoming JWST observations by surveying and drawing out the first complete auroral structuresacross Uranus.
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Developing shared computing code for the MOP community

M. F. Vogt 1, F. Bagenal 2, M. Brennan 3, M. K. James 4, G. Provan 4, and R. J. Wilson 2

1 Boston University, USA 2 University of Colorado, USA 3 Jet Propulsion Laboratory, USA 4 University ofLeicester, UK
We report on recent efforts to provide the MOP community with shared computer code to per-form common calculations that can aid in planning scientific observations and data analysis. Lastyear we developed code that calculates the magnetic field in Jupiter’s magnetosphere using theCAN current sheet model updated for the Juno era (Connerney et al., 2020) and the JRM09 in-ternal field (Connerney et al., 2018). Links to our IDL, MATLAB, and Python code can be found athttps://lasp.colorado.edu/home/mop/missions/juno/community-code/. We are now finalizing codeto calculate the new JRM33 internal field model (Connerney et al., 2022) and other pre-Juno internalfield models. Here will we give a status update on our work and discuss lessons learned so far. Wewelcome input from the community on what resources they would find helpful and we encourageothers to contribute to a shared code repository.

Prospect of connection between Jupiter’s main emission power and the satellites’
footprint brightness

S. Wannawichian 1,2, T. Promfu 1,2, J. T. Clarke 3, J. D. Nichols 4

1 Chiang Mai University, Thailand 2 National Astronomical Research Institute of Thailand, Thailand 3

Boston University, USA 4 University of Leicester, UK
Jupiter’s auroralmain emission and satellites’ footprints, for example, themain Alfvènwing spot (MAW)of Io, have a strong connection with the Alfvèn waves generated in the magnetosphere. However, thelocations in the magnetosphere relating to the origins of the auroral particles responsible for thoseauroral features are much different. While the main emission is mapped to the location approximatelyat 20-30 RJ, close to the open-close field line boundary, the satellites’ footprints (the main spot) aretightly connected to the Alfvènic perturbation taking place in their vicinities. The FUV images takenby two instruments, the Solar Blind Channel (SBC) of the Advanced Camera for Surveys (ACS) and STISMulti-Anode Microchannel Array detector, onboard the Hubble Space Telescope (HST) during twocampaigns, in 2007 and 2016, are chosen to present the cases where the satellite footprints locate atsimilar locations in the ionosphere. In addition, the main emission power is determined based onthe boundary of the average main emission given by Nichols et al. (2017). The main emission powersobserved at similar Jupiter’s CMLs are especially focussed to ensure a similar configuration of theauroral feature, with respect to the magnetic field structure. While the connections with the auroralpower with the solar wind dynamic pressure, velocity, and the interplanetary magnetic field wereextensively studied by Clarke et al. (2009) and Nichols et al. (2009, 2017a, 2017b), the possibility ofcorrespondence between main emission power and the satellite’s footprint brightness at differenttimes will be investigated.
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Energetic electron spectra at L<20 in the Jovian magnetosphere: Observations from
Galileo and Juno

C.-J. Yuan 1, E. Roussos 2, Y. Wei 1, Z.-Y. Liu 3, N. Krupp 2

1 Institute of Geology and Geophysics, Chinese Academy of Sciences, China 2 Max Planck Institute forSolar System Research, Germany 3 Institute of Space Physics and Applied Technology, Peking University,China
It has been shown that down to L 20 and around the magnetic equatorial plane in the Jovian mag-netosphere, adiabatic heating associated with radial transport is the major acceleration process forenergetic and relativistic electrons. However, the situation at L<20 is less constrained, as wave-particleinteractions and the corresponding non-adiabatic acceleration and losses become effective. If radialtransport continues to dominate, especially that synergistically driven by injections and a convectiveelectric field, its dependence on local time (LT) and electron energy would leave imprints on theenergy spectra distribution. We exploit the flux measurements of 10s to 100s of keV electrons at L<20made by the Galileo orbiter throughout the mission, and by the Juno orbiter from 2016 to 2020. Foreach individual orbit of Galileo, we search for its intersection with Juno’s trajectory in (LT, magneticlatitude, L-shell) grids. We then normalize the spectra in the intersection grids to compare betweenthe two orbiters the spectral features of cutoff energy and power law exponents. We also comparethe spectral indices during the inbound segment of each Galileo orbit with those during the outboundone, and apparent differences are observed. It is necessary to distinguish between the contribution onsuch differences from steady-state LT configuration and from time variations. The spectra distributionof individual orbits are accordingly evaluated against the average distributions over year-long andmission-long periods.
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Influence of Europa’s Time-Varying Electromagnetic Environment on Magneto-
spheric Ion Precipitation and Surface Weathering

Peter Addison 1, Lucas Liuzzo 2, Hannes Arnold 1, Sven Simon 1

1 Georgia Institute of Technology, USA 2 University of California, 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 electromagnetic fieldsshifts the region of minimum energetic ion surface flux from Europa’s wakeside equator to its ramsideequator. This generates an inverted bullseye pattern of energetic ion flux centered at the trailing apex.Despite drastic changes to the morphology of the ion surface flux when the alfvénic plasma interactionis included, we still find a strong correlation between variations of sulfuric acid concentration observedacross Europa’s surface by Galileo and our modeled sulfur influx pattern.
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First Steps Towards a New Saturn Ionosphere Model Including Ring-Planet Coupling
and Electrodynamics

O. Agiwal 1 L. Moore 1 C. Martinis 1

1 Boston University, USA
The Cassini Grand Finale revealed that there is still much that we do not understand about Saturn’supper atmosphere. In-situ observations reveal highly complex coupling between the planetary atmo-sphere and rings and inter-hemispheric electrodynamic coupling at latitudes that are magneticallyconnected to the intra D-ring region in the magnetosphere. Current Saturn models are ill-suited totreating electrodynamics and ring-planet interactions at Saturn. Thus, we adapt SAMI, a well-knownterrestrial ionosphere model that is flux-tube based and already includes electrodynamics, to Saturn,with the aim of using it in conjunction with existing Saturn models such as the STIM-GCM (SaturnThermosphere IonosphereModel) to decipher the long-standing unexplainedmorphologies in Saturn’sionosphere and investigate the ring-atmosphere coupling and electrodynamics revealed by the Cassiniend-of-mission data. We will present initial results having adapted SAMI to Saturn, showing the fullextent of the atmospheric chemistry and model capabilities at present. We will discuss future direc-tions of development towards the construction of the new model capable of resolving the complexring-atmosphere coupling and electrodynamics, and the possibility of adapting this model to otherplanets.
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MULTIPLE IMPACTS OF ICMES ON THE SATURN-TITAN SYSTEM: T96 OBSERVATIONS
REVISITED

S. Burne 1, C. Bertucci 1,2, L.F. Morales 3,2, N. Sergis 5, N. Achilleos 6, S. Dasso 1,4, B. Sánchez-Cano 7,
N.J.T. Edberg 8, W.S. Kurth 9

1 IAFE, UBA, CONICET, Buenos Aires, Argentina 2 DF, UBA, Buenos Aires, Argentina 3 INFIP, UBA,CONICET, Buenos Aires, Argentina 4 DCAO, UBA, Buenos Aires, Argentina 5 Office for Space Research,Academy of Athens, Athens, Greece 6 Department of Physics and Astronomy, University CollegeLondon, London, UK 7 School o Physics and Astronomy, University of Leicester, Leicester, UK 8 SwedishInstitute of Space Physics, Uppsala, Sweden 9 Department of Physics and Astronomy, University ofIowa, Iowa City, IA, USA
Titan is Saturn’s largest moon and in quiet-time conditions, it orbits around its parent planet just withinthe margins of its magnetosphere. Saturn’s magnetopause position is controlled by the solar windpressure but also by the planet’s internal magnetospheric processes involving ionospheric currentsand plasma from its moons and rings.
With more than 120 close flybys between 2004 and 2017, the Cassini spacecraft characterized Titan’splasma environment. Out of these, the so-called T96 flyby on December 1, 2013, stands out asthe only one where Cassini found Titan in the supermagnetosonic and super-Alfvénic solar wind.Consistently, the formation of a collisionless bow shock and a Mars-like induced magnetosphere wasobserved around the moon (Bertucci et al., 2015). This one-of-a-kind encounter occurred because ofcompression of Saturn’s magnetosphere resulting from the arrival of at least one fast ICME, whoseassociated SEP were previously reported (Roussos et al., 2018).
In this work, we try to provide a more complete description of the plasma environment around T96 by
1 Identifying and following the ICMEs that were responsible for Saturn magnetospheric compressionfrom 1 to 10 AU, 2 following the evolution of the location of Saturn’s magnetospheric boundariesas they respond to the impact of the ICMEs, and 3 analyzing the effects of Saturn’s magnetosphericdynamics on Titan’s induced magnetosphere by looking at the properties of the piled-up magneticfield including fossil fields.
To achieve this, we used magnetic field and particle data from Cassini’s MAG, MIMI, LEMMS, andRPWS to study the plasma around the Saturn-Titan system, as well as STEREO to trace back thespace weather events. We identified the impact of two interplanetary shocks and associated ICMEsnear Saturn-Titan, one prior to Cassini’s closest approach to the moon and responsible for the initialmagnetospheric compression, and the other one shortly after. Combined, these events caused anunprecedented compression of the Kronian magnetopause that left Titan outside this boundary for(at least) 5 days, reaching a stand-off distance of 13-15 Rs and magnetosheath values of up to 12 nTagainst a solar wind pressure of 0.1-0.3 nPa. In addition, we found that the accumulated magneticpressure in Titan’s induced magnetosphere was compatible with the solar wind dynamic pressureduring the periods of highest plasma compression.
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Evidence for H2 and Constraints on H2O in Callisto’s Atmosphere

S. Carberry Mogan 1,2, O. Tucker 3, R. Johnson 1,4, L. Roth 5, J. Alday 6, A. Vorburger 7, P. Wurz 7, A.
Galli 7, H. Smith 8, A. Oza 9

1 New York University, USA 2 New York University Abu Dhabi, UAE 3 NASA Goddard Space Flight Center,USA 4 University of Virginia, USA 5 KTH Royal Institute of Technology in Stockholm, Sweden 6 OpenUniversity, UK 7 University of Bern, Switzerland 8 Johns Hopkins University APL, USA 9 NASA JPL, USA

We explore the parameter space for the composition and densities of Callisto’s atmosphere withcontributions to its H corona from sublimated H2O and radiolytically produced H2 using the DirectSimulaton Monte Carlo (DSMC) method. The spatial morphology of the observed H corona producedby photon and magnetospheric electron induced dissociation at eastern elongation is described bytracking the motion of and simulating collisions between the hot H atoms and thermal molecules inCallisto’s atmosphere.
Sublimated H2O produced from the surface ice, whether assumed to be intimately mixed with ordistinctly segregated from the dark, non-ice or ice-poor regolith, cannot explain the structure of the Hcorona. The observation instead suggests the presence of a roughly global source, which we suggestis H2. Such an atmospheric component is also capable of reproducing the enhanced electron densitiesobserved ∼500–2300 km from Callisto’s surface by Galileo’s plasma-wave instrument. Thus, weprovide the first evidence of H2 in Callisto’s atmosphere.
Comparison with themorphology of the observed H corona allows us to estimate an upper limit for the
ab initio surface source rate of H2: ∼2×1028 s−1. This value is the required source rate to reproducethe H2 neutral atmosphere with a surface density of ∼108 cm−3, which in turn can reproduce thestructure and abundance of the observed H via photodissociation. However, we show that this sourcerate and surface density can be reduced when including additional sources of H, such as electronimpact-induced dissociation. Future work will look to include interactions with an ionosphere thatcan produce even more H, namely H+

2 + e→ H + H, thereby possibly further reducing the amountof H2 required. The H2 escape rates as well as estimated atmospheric lifetimes are used to obtaininitial estimates for a neutral H2 torus co-rotating with Callisto. We also place a rough upper limit onthe peaks in H2O density (≲108 cm−3) and sublimation flux (≲1012 cm−2 s−1), which are 1–2 ordersof magnitude less than that assumed in previous models of Callisto’s atmosphere. Based on theseresults, the role of H2 versus H2O as a source of the H corona needs re-examining at Europa andGanymede.
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Effect of an interplanetary coronal mass ejection on Saturn’s radio emission

Cecconi, Baptiste 1 Witasse, Olivier 2 Jackman, Caitriona M 3 Sanchez-Cano, Beatriz 4 Mays, M
Leyla5

1 LESIA, Observatoire de Paris, Université PSL, Sorbonne Université, Université de Paris, CNRS, Meudon,France 2 ESTEC-Scientific Support Office, European Space Agency, Noordwijk, Netherlands 3 Schoolof Cosmic Physics, DIAS, Dublin, Ireland 4 School of Physics and Astronomy, University of Leicester,Leicester, UK 5 CCMC, NASA/GSFC, Code 674, Greenbelt, MD 20771, USA
The Saturn Kilometric Radiation (SKR) was observed for the first time during the flyby of Saturn by theVoyager spacecraft in 1980. These radio emissions, in the range of a few kHz to 1 MHz, are emittedby electrons travelling around auroral magnetic field lines. Their study is useful to understand thevariability of a magnetosphere and its coupling with the solar wind. Previous studies have shown astrong correlation between the solar wind dynamic pressure and the SKR intensity. However, up tonow, the effect of an Interplanetary Coronal Mass Ejection (ICME) has never been examined in detail,due to the lack of SKR observations at the time when an ICME can be tracked and its different parts beclearly identified. In this study, we take advantage of a large ICME that reached Saturn mid-November2014 [Witasse, 2017]. At that time, the Cassini spacecraft was fortunately travelling within the solarwind for a few days, and provided a very accurate timing of the ICME structure. A survey of theCassini data for the same period indicated a significant increase in the SKR emissions, showing a goodcorrelation after the passage of the ICME shock with a delay of about 13 hours and after the magneticcloud passage with a delay of 25-42 hours.
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Constraints on Europa’s subsolar atmosphere based on a joint analysis of HST
spectral images and Galileo magnetic field data

Sebastian Cervantes 1 and Joachim Saur 1

1 Institut für Geophysik und Meteorologie, Universität zu Köln, Cologne, Germany
In this study, we constrain Europa’s tenuous atmosphere on the subsolar hemisphere by combiningtwo sets of observations: oxygen emissions at 1304 A and 1356 A from Hubble Space Telescope (HST)spectral images, and Galileo magnetic field measurements from its closest encounter, the E12 flyby.We describe Europa’s atmosphere with a three-species model: globalO2 and O, and localized H2Opresent as a near-equatorial plume and as a stable distribution concentrated around the subsolar pointon the moon’s trailing hemisphere. First, we find that several column densities of these neutral gasesfit the observed ratio of OI 1356 A to OI 1304 A emissions from Roth (2021) within its uncertainties. Wethen apply a three-dimensional magnetohydrodynamic (MHD) code to characterize the interactionof the moon and its atmosphere with the Jovian magnetosphere. Our combined modelling basedon the oxygen emission ratio profile from Roth (2021) and on magnetic field data allows us to deriveconstraints on the density and location ofO2 and H2O in Europa’s atmosphere. Finally, we assess therobustness of our results by performing a parameter study for the location of the H2O atmosphereand the electron impact ionization rate. We demonstrate that 50% of theO2 and H2O abundancesfrom Roth (2021) are required to jointly explain both the HST and Galileo measurements. The columndensities of 1.24× 1018m−2 and 1.47× 1019m−2 forO2 andH2O, respectively, derived by our analysishowever still lie within the uncertainties of Roth (2021). Our results provide additional evidence forthe existence of a stable H2O atmosphere at Europa.
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Comprehensive Observations of Magnetospheric Particle Acceleration, Sources,
and Sinks (COMPASS): A Dedicated Jovian Radiation Belt Mission to Unlock the
Secrets of the Solar System’s Greatest Particle Accelerator

G. Clark 1, P. Kollmann 1, D. L. Turner 1, W. Li 2, A. Jaynes 3, L. Blum 4, R. Marshall 4, S. Ukhorskiy 1,
I. Cohen 1, J. Kinnison 1, D. F. Kelly 1, D. Chattopadhyay 1, A. F. Haapala-Chalk 1, M. Donegan 1, G.
Berland 4, W. Dunn 5, A. Y. Drozdov 6, G. Hospodarsky 3, R. Kraft 7, X. Li 4, M. Looper 8, B. Mauk 1,
Q. Nénon 9, T. P. O’Brien 8, E. Roussos 10, H. T. Smith 1, A. M. Sciola 1, K. Sorathia 1, P. Williams 8, X.
Wu11

1 Johns Hopkins Applied Physics Lab, Laurel, MD USA 2 Boston University, Boston, MA USA 3 Universityof Iowa, Iowa City, IA USA 4 University of Colorado at Boulder, Boulder, CO USA 5 University CollegeLondon, London, UK 6 University of California Los Angeles, Los Angeles, CA USA 7 Center for Astro-physics, Harvard, Boston, MA USA 8 The Aerospace Corporation, El Segundo, CA USA 9 European SpaceAgency, Noordwijk, The Netherlands 10 Max Planck Institute for Solar System Research, Göttingen,Germany 11 University of Geneva, Geneva, Switzerland
Radiation belts are found at Earth, Jupiter, Saturn, Uranus, and Neptune, which combined represent allof the sufficiently sized andmagnetized planets in the Solar System. This fact is quite remarkable, sinceit implies that particle trapping and acceleration in magnetospheric systems is potentially a universalprocess in planetary magnetospheres and likely beyond to other astrophysical systems. Of theseknown radiation belt systems around the Sun, Jupiter reigns supreme. The Jovian magnetospheretraps - and presumably accelerates - relativistic ions up to multiple giga-electronvolts and relativisticelectrons up to >50 mega-electronvolts. Such high energy thresholds and intensities of trappedradiation render Jupiter more in line with astrophysical systems, like the magnetospheres of pulsarsand brown dwarfs, where electron synchrotron emissions represent a significant loss process thatcan be observed remotely from Earth. For this and several other reasons, Jupiter is an ideal steppingstone for bridging the knowledge gaps between Earth, planetary magnetospheres in general, andastrophysical systems. Despite several missions having been dedicated to studying different aspects ofthe Jovian planetary system, no observatory has yet been fully dedicated or sufficiently instrumented tounderstanding why exactly Jupiter in many ways acts as the Solar System’s greatest particle accelerator.Understanding i) which acceleration processes are unique to a system and why, ii) which processes areuniversal, and iii) how those processes scale with the properties of the system are the fundamentalscience drivers for COMPASS.
COMPASS is a mission concept under development in advance of and for consideration during NASA’supcoming Heliophysics Decadal Survey. COMPASS is ideally instrumented for radiation belt physics,with a unique and unprecedented suite of instruments covering i) particle species from thermal plasmato 10s of MeV electrons and relativistic protons and heavy ions; ii) comprehensive magnetic andelectric fields and waves; and iii) X-ray imaging. Combined, that suite will enable the COMPASS scienceteam and greater scientific community to test existing hypotheses and make new discoveries of howJupiter’s radiation belts are sourced, accelerated, and lost within such a complex system. Jupiter’sspace environment is an ideal natural laboratory for enabling new discoveries and breakthroughprogress on the topic of unique and universal radiation belt physics, particularly when put into contextwith results from previous Jovianmissions (e.g., Juno, Galileo) and Van Allen Probes and other radiationbelt missions at Earth.
In this presentation, we introduce the science and conceptual design of COMPASS: a dedicated
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radiation belt mission to Jupiter with the primary goal of exploring the distinctive and universalacceleration, source, transport, and loss processes that drive the most intense radiations belts in theSolar System.

Analysis of the sodium jets detected on Io with TRAPPIST

Alexandre de Becker 1, Bertrand Bonfond 2, Binzheng Zhang 1, Zhonghua Yao 3, Emmanuel Jehin
2

1 Hong Kong University, Hong Kong 2 Université de Liège, Belgique 3 Chinese academy of Sciences,China
Io is the solar system’s most volcanically active body. This volcanic activity results in the ejectionof material into Io’s atmosphere. This material then escapes from the atmosphere to form variousstructures in the Jovianmagnetosphere. These include the plasma torus and clouds of neutral particles.The physical processes involved in the escape of particles are not yet fully understood. Indeed, thestudy of the atmosphere and the volcanoes in the one hand and the study of the plasma torus onthe other hand, lead to two different conclusions regarding the origin of the variability of the torusplasma content. Observations of Io, with a particular focus on the neutral sodium clouds, which arerelatively easy to detect thanks to the D-doublet of sodium, could help solve the mystery surroundingthe escape of those particles.
Observations with the TRAPPIST telescopes and their sodium filter have been carried out during 17nights from December 2014 to April 2015 and 30 nights from April to October 2021. On those images,a particular attention was paid on the sodium jet, one of the neutral sodium clouds. The images fromthose two periods have been processed to highlight the presence of sodium in order to determinethe presence or not of the sodium jet. From the 17 nights of the 2014-2015 period, the sodium jet hasappeared for four nights, and it as appeared for three nights for the 2021 period. Among the imageswhere the jet can be seen, it is visible that it does not always have the same size and brightness fromone observation to another. The current goal is to establish the physical quantities, as the brightness,the size and the orientation of the jet that are observed. So far it can be established that the jetvariation does not, or not only, depend on the phase angle of Io.
Moreover, we will show early results from a model of the plasma torus aimed at characterizing theinfluence of the variation of the sodium jet on it.
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Io’s Electron Beams

V. Dols

LASP/University of Colorado, Boulder
At Io, the Galileo spacecraft (GLL) detected intense energetic electron beams aligned along Jupiter’smagnetic field in the wake, on the flanks and over the poles of the moon. The combination of theGLL PLS and EPD observations shows a continuous energy distribution between 100 eV and 150 keV,with a total energy flux 4 erg/cm2/s [Williams+, 1999; Frank and Paterson, 1999; Mauk+, 2001]. Likeauroral electrons on Earth, each electron of the beam is capable of many ionizations along its paththrough the atmosphere, losing a few tens of eV per ionization. The beam ionization is importantto estimate the local plasma supply close to Io, as they are probably the cause of the large electrondensity observed in the wake of Io along the Galileo J0 flyby ( 30,000 cm-3) [Saur+, 2002]. Theircontribution to the ionization will also constrain the atmosphere distribution where the beams arepresent. As most ions are molecular SO2+, they will quickly recombine in fast atomic S and O neutrals,which will escape the system. We propose to compute the effect of field-aligned electrons on Io’splasma production based on Rees, 1989 empirical formulation and include this ionization process in amulti-species chemistry model of the plasma/atmosphere interaction [Dols+, 2012].

Latitudinal Variation of Io’s Sublimation Atmosphere Explained by a Model Consid-
ering Thermal Inertia

A.C. Dott 1, J. Saur 1, S. Schlegel 1, D.F. Strobel 2

1 University of Cologne, Germany, 2 The Johns Hopkins University, USA
Whether and how strongly Io’s SO2 atmosphere is mainly driven by volcanic outgasing or the sub-limation of SO2 surface frost is still debated. Due to its high surface temperature dependence, thesublimation supported part of the atmosphere is assumed to collapse at night and when Io is in eclipseby Jupiter. Furthermore, the atmosphere is observed to be thicker in equatorial regions with decreas-ing column densities towards the poles. Here we present a time dependent surface temperaturemodel including the effect of thermal inertia. Analyzing the conductive heat transfer from Io’s surfacetowards its interior and vice versa, which is mainly determined by the thermal diffusivity α, allows usto show that observations can be well explained by assuming a sublimation dominated atmosphere.Simulations show that α = 3.1 × 10−6m2s−1 yields an averaged atmospheric SO2 column densitydecreasing from 1016 to∼ 2.5× 1014 cm−2 from the equator to the poles. Further modeling indicatesthat assuming a thermal diffusivity lower by a factor of 12.5 leads to a maximum surface temperature(maximum atmospheric column density) shifted longitudinally by 30◦ against the sub-solar point.
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Emission of Energetic Neutral Atoms at Callisto and Europa

Charles Michael Haynes 1, Tyler Tippens 1, Peter Addison 1, Lucas Liuzzo 2, Andrew Poppe 2, and
Sven Simon 1

1 Georgia Institute of Technology, USA, 2 University of California, Berkeley, USA
Based on a combination of hybrid simulations and energetic particle tracing, we model the emis-sion morphology of energetic neutral atoms (ENAs) that are generated by the interaction of theatmospheres around Callisto and Europa with energetic ions from Jupiter’s magnetosphere. Sincethe trajectories of the energetic parent ions are strongly affected by the local electromagnetic fieldperturbations near Callisto and Europa, the ENA emission morphology contains an admixture ofinformation on the particle distribution functions and the draped magnetic field configurations nearboth moons. Thus, the ENA emission pattern can be regarded as a snapshot of the moons’ plasmainteraction regions on a global scale. We apply the hybrid code to compute the three-dimensionalstructure of Callisto’s and Europa’s electromagnetic environments. By tracing the motion of severalbillions of energetic parent ions and their interaction with the moons’ atmospheres, we then computemaps of the ENA flux through a concentric sphere around each moon. To isolate the influence of thedraped fields near both moons, these ENA emission maps will be compared against the modeled emis-sion patterns for homogeneous electromagnetic fields. The results allow to constrain the diagnosticpotential of ENA images to characterize the moons’ perturbed electromagnetic environments as awhole, in addition to local plasma and magnetic field observations along a spacecraft trajectory.
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The satellite auroral footprints at Jupiter: A Juno perspective

V. Hue 1, B. Bonfond 2, G. R. Gladstone 1,3, T. K. Greathouse 1, M. F. Vogt 4, J. A. Kammer 1, M.
Imai5, J.-C. Gérard 2, D. C. Grodent 2, A. Mura 6, R. S. Giles 1, M. H. Versteeg 1, S. J. Bolton 1, J. E. P.
Connerney 7,8

1 Southwest Research Institute, San Antonio, Texas, USA 2 STAR Institute, LPAP, Université de Liège,Liège, Belgium 3 Department of Physics and Astronomy, University of Texas at San Antonio, San Antonio,TX, USA 4 Center for Space Physics, Boston University, Boston, MA, USA 5 Department of ElectricalEngineering and Information Science, National Institute of Technology (KOSEN), Niihama College,Niihama, Japan 6 Institute for Space Astrophysics and Planetology, National Institute for Astrophysics,Rome, Italy 7 Space Research Corporation, Annapolis, MD, USA 8 NASA/Goddard Space Flight Center,Greenbelt, MD, USA
Jupiter’s satellite auroral footprints are a consequence of the interaction between the co-rotatingiogenic plasma and the Galilean moons. Since the disturbance caused by the presence of the moonsin the plasma flow propagates along the field files in the form of Alfvén waves, the physical positionsof the moons are magnetically connected to their respective footprint. The accurate determination ofthe footprint positions therefore provides an important physical reference point in Jupiter’s auroralregions with respect to where they map in the magnetosphere. Over a decade of auroral footprintobservations with the Hubble Space Telescope provided a first view of the footprint paths of Io,Europa and Ganymede, though with limited coverage in several SIII longitude ranges. More specifically,HST observations did not cover the 270°-90°(north) and 140°-290°(south) longitude ranges for theGanymede and Europa footprints, and only provided a sparse coverage of the Io footprint there. Juno’spolar and elliptical orbit around Jupiter now provides the opportunity to complete the picture and wepresent the work revising the satellite footpaths for Io, Europa and Ganymede recorded during Juno’sprime mission.
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The effect of perturbed fields, charge exchange and plumes on energetic proton
depletions during the Galileo flybys of Europa

Hans Huybrighs 1,2, Aljona Blocker 3, Elias Roussos 4, Christiaan van Buchem 5, Mika Holmberg 6,
Charlotte Goetz 7, Yoshifumi Futaana 8, Olivier Witasse 7, Ioannis Kourakis 1,2

1 Space and Planetary Science Center, Khalifa University, Abu Dhabi, UAE 2 Department of Mathemat-ics, Khalifa University, Abu Dhabi, UAE 3 Department of Earth and Environmental Sciences, LudwigMaximilian University of Munich, Munich, Germany 4 Max Planck Institute for Solar System Research,Göttingen, Germany 5 Leiden University, Leiden, the Netherlands 6 School of Cosmic Physics, DIASDunsink Observatory, Dublin Institute for Advanced Studies, Ireland 7 European Space Agency (ESA),European Space Research and Technology Centre (ESTEC), Keplerlaan 1, 2201 AZ Noordwijk, TheNetherlands 8 Swedish Institute of Space Physics (IRF), Kiruna, Sweden
The flux of energetic ions (protons, oxygen and sulfur) near the Galilean moons of Jupiter weremeasured by the Energetic Particle Detector (EPD) on the Galileo mission (1995 - 2003). During flybysof Europa such as E12, E17, E25A and E26, decreases of the energetic ion flux, of several orders ofmagnitude, were identified.
To interpret the ion losses in the EPD data, we conducted a Monte Carlo particle tracing simulation.The expected fluxes of the energetic ions are simulated under different scenarios including those withand without an atmosphere or plume, and magnetic field perturbations. We investigate the cause ofthe losses by comparing the simulated flux to the EPD data.
Regarding potential plume signatures during flybys E26 and E12 we report the following:

• In Huybrighs et al., 2020 we proposed that depletions (115–244 keV) are caused by perturbedelectromagnetic fields combined with atmospheric charge exchange and possible plumes. Onedepletion feature identified as a plume signature was shown to be an instrument artifact (Jiaet al., 2021, Huybrighs et al., 2021). Despite that, here we emphasize that Huybrighs et al.,2020 demonstrates that plumes can cause proton depletions and that these features shouldbe sought after in the data. Furthermore, the conclusions on the importance of perturbedelectromagnetic fields and atmospheric charge exchange on the depletions are unaffected.However, the artifact reported by Jia et al., 2021 prevents us from confirming or excluding thatthe detected depletion is caused by a plume (Huybrighs et al., 2021).
• We also discuss proton depletions during flyby E12 at energies 115–244 keV and 540–1,040 keV,coinciding in time with the plume detection reported by Jia et al., 2018. These depletions arenot affected by the artifact and are best reproduced by a model with a plume located at thelocation from Jia et al., 2018. While no charge exchange occurs at 540–1,040 keV the depletionsare best reproduced incorporating the field perturbations assuming that these indeed originatefrom a plume. Regarding flybys E17 and E25A (a segment of the Galileo orbit I25) which traversedthe Alfvén wings we discuss the following:
• We report energetic proton depletions coinciding with the Alfvén wing encounters during theseflybys.
• We find that the inhomogeneous fields associated with the Alfvén wing strongly affect the
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depletions of energetic protons. Whereas in the homogeneous case the depletion is focusedon a narrow pitch angle range and has no structure, the depletion in the inhomogeneous caserepresents a wider and complex structure in pitch angle and along the trajectory. Furthermore,we also find that the induced dipole alters the structure of the depletion, most strongly so inthe case of E25A, by shifting the minimum of the depletion along the trajectory.
• Finally, we compare the simulations to the measured energetic proton time series. We findthat the simulations with inhomogeneous fields describe the data qualitatively better than thehomogeneous case.
• This work emphasizes that energetic proton measurements could offer an additional way toprobe the (sub-Alfvénic) moon-magnetosphere interaction from large distances of several moonradii away, which is of particular importance for interpreting measurements from data deprivedmoon encounters in the solar system.

A statistical view of the response of Saturn’s radio emissions to solar wind driving

C.M. Jackman 1, C.K. Louis 1, A.R. Fogg 1, J.E. Waters 2, E.P. O’Dwyer 1, L. Lamy 3,4, M.F. Thomsen 5,
T.M. Garton 1

1 School of Cosmic Physics, DIAS Dunsink Observatory, Dublin Institute for Advanced Studies, Dublin15, Ireland 2 Department of Physics and Astronomy, University of Southampton, Highfield Campus,Southampton, SO17 1BJ, UK 3 LESIA, Observatoire de Paris, PSL Research University, CNRS, SorbonneUniversité, Univ. Paris, Meudon, France 4 LAM, Pythéas, Aix Marseille Université, CNRS, CNES, 38 RueFrédéric Joliot Curie, 13013 Marseille, France 5 Planetary Science Institute, Tucson, AZ, USA
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 bowshock crossings by Cassini during its 13-year tour of the Saturn system [Jackman et al., 2019] to selectout times when the Cassini radio (RPWS) instrument was sampling Saturn’s radio emissions fromthe solar wind, magnetosheath and outer magnetosphere regions. We explore the hypotheses thatthe SKR is a good proxy for solar wind driving, and that narrowband emissions may link to dramaticmagnetospheric reconfiguration events. We track the timeline between solar wind compressionsobserved during extended solar wind intervals and the occurrence of out-of-phase SKR bursts andLFEs (selected using a bespoke tool from Empey et al., 2021). Furthermore, we use boundary crossingsin concert with magnetopause and bow shock models [Kanani et al. 2010; Went et al. 2011] to inferupstream solar wind dynamic pressure (DP) and pinpoint rapid large changes in DP which may indicatestrong compressions - and their associated link to distinct radio signatures.
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First Glimpse at Thermal Ion Properties of Individual Water Group Ions in Saturn’s
Magnetosphere

Thomas K. Kim 1, Daniel B. Reisenfeld 1, Robert J. Wilson 2, Frank J. Crary 2, H. Todd Smith 3, Michelle
F. Thomsen 4
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The tectonic activity below Enceladus’ surface releases tremendous amounts of neutral water throughice fissures at high speed such that some become gravitationally unbound and are injected to themagnetosphere. Then these neutral plumes are subject to interactions with magnetospheric ions andelectrons. Through these physical chemistry interactions, the neutral plume gas becomes dissociatedand ionized ultimately creating water group ions such as O+, OH+, H2O+, and H3O+, which eventuallypopulate the entire magnetosphere of Saturn. After the arrival of Cassini spacecraft at Saturn in2004, water group ions were discovered to be the most dominant magnetospheric ion group atSaturn. However, the plasma properties of the individual species could not be derived easily due tothe complexity of the mass spectra of the Cassini Plasma Spectrometer (CAPS) Ion Mass Spectrometer(IMS). We are in the process of developing a sophisticated performance model for the CAPS/IMStime-of-flight (TOF) data that employs an advanced forward modeling technique successfully appliedto measurements made by the JADE-I sensor aboard the Juno mission (Kim et al., 2020). This modelallows us to resolve individual water group mass species more accurately than in the past, enabling usto calculate thermal ion properties such as number density, flow speed, and temperature of individualwater group ions for the first time. Here, we will describe the new modeling procedure and presentpreliminary water group ion composition data to gain new insights into mass transport in Saturn’smagnetosphere.
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Determining the beaming of Io decametric emissions : a remote diagnostic to probe
the Io-Jupiter interaction

L. Lamy 1,2,3, L. Colomban 4, P. Zarka 1,2, R. Prangé 1, M. S. Marques 5, C. Louis 6, W. Kurth 7, B.
Cecconi 1,2, J. Girard 1,2, J.-M. Griessmeier 2,4, S. Yerin 8,9

1 LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université, Université de Paris, Meudon,France 2 Station de Radioastronomie de Nançay, Observatoire de Paris, Université PSL, CNRS, Univ.Orléans, Nançay, France 3 LAM, Pythéas, Aix Marseille Université, CNRS, CNES, Marseille, France 4
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5 Departamento de Geofisica, Universidade Federal do Rio Grande do Norte, Natal, Brazil 6 DIAS,Dublin, Ireland 7 Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa, USA 8

Institute of Radio Astronomy of NAS of Ukraine, Kharkiv, Ukraine 9 V. N. Karazin Kharkiv NationalUniversity, Kharkiv, Ukraine
We investigate the beaming of 11 Io-Jupiter decametric (Io-DAM) emissions observed by Juno/Waves,the Nançay Decameter Array and NenuFAR. Using an up-to-date magnetic field model and threemethods to position the active Io Flux Tube (IFT), we accurately locate the radiosources and determinetheir emission angle θ from the local magnetic field vector. These methods use (i) updated models ofthe IFT equatorial lead angle, (ii) ultraviolet (UV) images of Jupiter’s aurorae and (iii) multi-point radiomeasurements. The kinetic energy Ee− of source electrons is then inferred from θ in the frameworkof the Cyclotron Maser Instability. The precise position of the active IFT achieved from methods (ii,iii)can be used to test the effective torus plasma density. Simultaneous radio/UV observations revealthat multiple Io-DAM arcs are associated with multiple UV spots and provide the first direct evidenceof an Io-DAM arc associated with a trans-hemispheric beam UV spot. Multi-point radio observationsprobe the Io-DAM sources at various altitudes, times and hemispheres. Overall, θ varies a function offrequency (altitude), by decreasing from 75◦ − 80◦ to 70◦ − 75◦ over 10− 40MHz with slightly largervalues in the northern hemisphere, and independently varies as a function of time (or longitude ofIo). Its uncertainty of a few degrees is dominated by the error on the longitude of the active IFT. Theinferred values of Ee− also vary as a function of altitude and time. For the 11 investigated cases, theyrange from 3 to 16 keV, with a 6.6± 2.7 keV average.
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Formation of a tilted plasma wake at Neptune’s moon, Triton

Lucas Liuzzo 1, Peter Addison 2, Sven Simon 2, Carol Paty 3, and Andrew R. Poppe 1
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Due to the tilt between the rotational and magnetic axes of Neptune, along with the large orbitalobliquity of Triton, the magnetospheric environment along Triton’s orbit displays a substantial vari-ability. This variability contributes to an ambient electromagnetic environment that is unlike thoseencountered by the moons of Jupiter or Saturn. On the one hand, the local magnetic field can at timesbe perpendicular to the direction of the magnetospheric flow across the moon’s surface (as is also thecase near moons of the gas giants). In this case, the signatures and perturbations associated withTriton’s plasma interaction (e.g., magnetospheric field line pileup and draping, formation of Alfvénwings, and outflow of ionospheric plasma) resemble those observed near Jupiter’s moon Callisto orSaturn’s moon Titan during the Galileo or Cassini missions. On the other hand, the variability in themagnetospheric fields at times allows the orientation of the magnetic field near Triton to be tiltednearly 45◦ against the flow direction. In this case, signatures associated with Triton’s interaction havenever been directly observed and are unique when compared to Jovian and Saturnian moons.
This study uses a combination of hybrid modeling and analytical techniques to investigate Triton’sinteraction with its ambient magnetospheric environment. We illustrate that when the local magneto-spheric field is strongly tilted against the ambient flow direction near Triton, one of the moon’s Alfvénwings is tilted into the upstream hemisphere. This generates an unexpected signature near Triton: themagnetospheric flow is deflected toward the moon at a steep angle before being absorbed, therebygenerating a wake cavity that is displaced against the direction of the geometric plasma shadow. Alongthe downstream-facing wing, the flow is directed away from the moon and is therefore unable to refillthis wake. Alfvén wing absorption signatures may be common near all ice giant moons and may bedetectable during future spacecraft encounters of these objects. Further details and additional resultscan be found in Liuzzo et al. (2021, JGR Space doi:10.1029/2021JA029740) and Simon et al. (2021, JGRSpace, doi:10.1029/2021JA029958).
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Flux tube entropy and Flux tube content of the Saturn’s Magnetospheres

Xuanye Ma 1 Peter Delamere 2 Simon Wing 3 Brandon Burkholder 4 Bishwa Neupane 2
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The radial transport process in the giant magnetospheres (i.e., Jupiter and Saturn’s magnetospheres)requires a net mass radial outward transport, and a two-way magnetic flux transport to maintain themagnetic flux in the inner magnetosphere. The dynamic of such process is mainly determined bythe pressure gradient, magnetic field, and centrifugal force, which can be investigated by examiningthe magnetic flux integral quantities (e.g., flux tube entropy, flux tube content). Those quantities areconserved quantities under the frozen-in assumption. The change of these quantities often indicatesthe violation of the frozen-in condition (e.g., interchange instability, heating, drift out, etc.). The giantmagnetospheres are stabilized by a radially increasing profile of flux tube entropy and destabilized bya radially decreasing profile of flux tube content. The traditional radial transport scenario suggestedthat the magnetic flux with heavy flux tube content moves from the inner magnetosphere to theouter magnetosphere, stretching the magnetic field into a magnetodisc configuration. Subsequently,magnetic flux with low flux tube entropy generated by magnetodisc reconnection circulates back tothe inner magnetosphere. The flux tube entropy analysis suggests that energetic particles dominatethe total flux tube entropy in the magnetodisc region, and newly closed field lines generated bymagnetodisc reconnection are likely to be transported into the inner magnetosphere. Based on theflux tube entropy constraint, this study uses a steady statemagnetodisc model to demonstrate that theradial transport process in Saturn’s magnetosphere can also be achieved via middle-latitude doublereconnection, driven by a low-latitude interchange instability. This process does not involve significantlatitudinal convection of magnetic flux in the ionosphere, nor does it significantly modify the radialflux tube entropy profile. We also found the flux tube content decreases increasing radial distance,which suggests a non-ideal process (presumably magnetic reconnection) occurs during the radialtransport process.
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UV reflectance spectra of Jupiter’s icy moons: Spectral effects of surface processing
by Jovian magnetospheric plasma

P. M. Molyneux 1, E. M. Royer 2, T. M. Becker 1,3, U. Raut 1,3, K. D. Retherford 1,3, B. Teolis 1,3, B.
Mamo 1,3
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At far ultraviolet wavelengths, the reflectance spectra of Jupiter’s icy moons appear surprisinglydifferent from those of other icy bodies, including Saturn’s icy moons and rings. The spectra of theSaturnian moons contain a sharp absorption edge feature at 165 nm, characteristic of water ice andconsistent with laboratory ice spectra, appearing dark at shorter wavelengths and undergoing asharp increase in reflectance at the position of the H2O edge. The icy Jovian moons, however, donot exhibit the same sudden reflectance change in the FUV, despite clear evidence for H2O in theform of diagnostic near-infrared absorption bands. Instead, their reflectance increases gradually withincreasing wavelength through the mid-UV. Here, we discuss how surface processing of the Jovianicy moons by Jupiter’s magnetospheric plasma may alter their UV reflectance via the introduction ofimpurities or defects in the ice lattice, or through the production of UV-absorbing lag layers formed bypreferential sputtering of volatiles from the ultraviolet sensing depth. We compare disk-averaged FUV(140 - 200 nm) reflectance spectra of Europa, Ganymede and Callisto obtained by the Hubble CosmicOrigins Spectrograph, and search for spectral trends related to differences in the Jovian plasma andthe dust environments to which each moon is subjected.

Infrared images of Jupiter Aurora: 5 years of H3
+ observations at Jupiter

Alessandro Mura 1 The JIRAM Team 1

1 INAF/IAPS
JIRAM (Jovian Infrared AuroralMapper) is an imaging spectrometer on board theNASA/Juno spacecraft.The throughput of one of the imager channels (L band) is designed to observe the auroral emissiondue to the H3+ ion; the surface resolution, when Juno is close to Jupiter’s poles, is down to 10 km.Combined with the unique vantage point provided by Juno, JIRAM observed the auroral emission ofJupiter with unprecedented details. Here we present a summary of the observations of auroral H3+images after 5 years since the Jovian Orbit Insertion. Because of the constraints on the observinggeometry, we put particular emphasis on the south Aurora, and on the auroral footprints of theGalilean Moons. These, when observed with high spatial resolution, consists of a regularly spacedarray of emission features, extending downstream of the leading footprint. We discuss implications ofthe very small features of these signatures.
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Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly
(LAPYUTA) mission: instrument overview and technical developments

Go Murakami 1, Fuminori Tsuchiya 2, Masato Kagitani 2, Atsushi Yamazaki 1, Kazuo Yoshioka 3,
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1 JAXA/ISAS, Japan, 2 Tohoku Univ., Japan, 3 Univ. Tokyo, Japan, 4 Rikkyo Univ., Japan, 5 KanazawaUniversity
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 ofthe telescope: a spectrometer and a UV slit 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. A UV slit imager consists of imaging optics, several bandpass filters with a wheel, and asame type of UV detector as the one installed in the spectrometer. In order to achieve a high spatialresolution of 0.1 arc-sec, we will install a target monitoring camera at 0th order position inside thespectrometer and slit imager for both attitude control and image accumulation process. We arestudying the concept of LAPYUTA and preparing a proposal of it to JAXA’s M-class category. Here wepresent the LAPYUTA concept design, the overview of the spacecraft and instruments, and the statusof technical developments.

3D Physical Chemistry and Emission Simulations of the Io Plasma Torus

Edward G. Nerney 1 & Fran Bagenal 1

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 us a 3D model of the physicalchemistry while varying the neutral source rate and diffusion coefficient in order to model the warmtorus, ribbon, and cold torus. This produces a 3D model of densities and temperatures which we usein conjunction with CITEP 2 to simulate corresponding emission profiles.
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Machine Learning for the Classification of Low Frequency Extensions of Saturn
Kilometric Radiation

E.P O’Dwyer 1, C.M Jackman 1, K. Domijan 2 and L. Lamy 3,4

1 Dublin Institute of Advanced Studies, Dublin, Ireland. 2 Maynooth University, Maynooth, Ireland.
3 LESIA, Observatoire de Paris, Paris, France. 4 LAM, Pythéas, Aix Marseille Université, Marseille,France.
Saturn Kilometric Radiation is an auroral emission that occurs between a few kHz to 1.2MHz, and peaksin the frequency range 100-400 kHz. It was detected quasi-continuously by Cassini from its arrival atSaturn in 2004 until mission end in 2017 and its properties have been extensively studied. SKR burstswhich are global intensifications of SKR as well as extensions of the main SKR band down to lowerfrequencies, known as Low Frequency Extensions (LFEs), result from internally-driven tail reconnectionand from solar wind compressions of the magnetosphere, which also trigger tail reconnection. LFEshave been selected by eye and also using a numerical criterion based on an intensity threshold [Reedet al., 2018]. In our work we propose to develop a supervised machine learning algorithm to selectSKR bursts with an associated LFE from the entire Cassini dataset. The algorithm will be built usingdata from the Cassini radio instrument (RPWS), with LFEs selected by eye using a polygon selectortool by Empey et al., 2021 [zenodo.5636922] and will include examples of LFEs detected from a broadrange of spacecraft locations. We plan to explore different types of algorithms that may be basedon images, or on time series data e.g RNN, CNN, U-Net. We tried both a FFNN and a CNN to classifiyimages of isolated LFEs and achieved preliminary testing accuracies of 89% and 87% respectively. Nextsteps will include the application of a mask to retain the shape of the LFEs (for interpretation of theirfrequency structure and its associated links to radio source location).
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Europa-induced emissions in the Nançay Decameter Array’s catalog
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The satellite control of part of the Jovian Decametric (DAM) radio emissions is long known andstudied. This control is set through field-aligned electric currents and Alfvén waves generated bythe interaction between Jupiter’s magnetospheric plasma and magnetic field and the large Galileansatellites. The electric currents or Alfvén waves accelerate electrons that are thought to causeradio wave amplification through the Cyclotron Maser Instability mechanism, resulting in part of theobserved Jovian DAM emissions. The partial control of the emissions by Io was first suggested in the1960s, but no statistically significant evidence of control by the other Galilean satellites was detecteduntil recently. Thanks to the compilation of extensive digital catalogs of Jovian radio emissions in thelast years, such as the Nançay Decameter Array’s (NDA) catalog, evidences of partial control of thoseemissions by Ganymede were finally detected, and Ganymede-induced emissions were analyzed.In this work, we present a search of the NDA’s catalog for evidences of control of the Jovian DAMemissions by the satellite Europa. We have detected Europa-induced emissions in the A, C and possiblyD components of the Jovian DAM. We also present general characteristics of these emissions andanalyze their energetics (duration and intensity) in comparison to that of the Io-induced and of theGanymede-induced emissions in the catalog.

Io Plasma Torus Properties Through Perijove 25 from Juno Radio Occultations

Phillip H. Phipps 1,2,3, Paul Withers 4 , Dustin R. Buccino 5, Marzia Parisi 5, Ryan S. Park 5, and Scott J.
Bolton 6

1 Center for Space Sciences and Technology, University ofMaryland, Baltimore County, USA 2 NASA/GSFC,USA 3 CRESST II, USA 4 Boston University, USA 5 Jet Propulsion Laboratory, California Institute of Tech-nology, USA 6 Southwest Research Institute, USA
The innermost Galilean satellite, Io, is the dominant source of plasma in Jupiter’s magnetosphere.About a ton of material per second is released into the area surrounding Jupiter and ionized. Thismaterial, mainly sulfur and oxygen, once ionized into a plasma is picked up by Jupiter’s magnetic fieldand distributed into a torus around Jupiter called the Io plasma torus. This plasma can be detectedby radio occultations in which the plasma’s total electron content affects the path delay propertiesof the spacecraft’s radio signal as it propagates through the plasma on the way to a Deep SpaceNetwork station, and vice-versa. The total electron content of the Io plasma torus is derived from thedual frequency (Ka and X-band) uplink and downlink radiometric tracking data of the Juno spacecraftduring perijoves 17-25. From these measurements, the longitudinal variability is undeterminable in allvariables except the offset from VIP4 models. Thus, the variability is more likely related to temporalvariability in the Io plasma torus plasma distribution.
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The Grand Finale: Cassini’s last view of Saturn’s magnetosphere-ionosphere dy-
namics including the Planetary Period Oscillations.

G. Provan 1, T. J. Bradley (∗) , E. J. Bunce 1 , H. Cao 2,3 , S. W. H. Cowley 1 , M. K. Dougherty 4, G. J.
Hunt (∗), E. Roussos 5, C. Tao 6 and R. J. Wilson 7

1 University of Leicester, UK 2 Harvard University, Cambridge, ,USA 3 California Institute of Technology,USA 4 Imperial College, UK 5 Max Planck Institute for Solar System Research, Germany 6 NationalInstitute of Information and Communications Technology, Japan 7 LASP, University of Colorado, USA
(∗) Not presently working in academia
Cassini’s 2017 proximal orbits provided a uniquely rich dataset, allowing us to study Saturn’s magneto-sphere-ionosphere system close to the planet and at high cadence. Here we will present the latestresults from a number of papers, examining how Saturn’s magnetosphere-ionosphere system is drivenboth externally by the solar wind and internally by the ubiquitous Planetary Period Oscillations (PPOs).We report the occurrence of tail reconnection events when Saturn’s magnetosphere is compressedand the Northern and Southern PPOs are in anti-phase. These reconnection events result in theinjection of hot plasma, the formation of a partial ring current, and the modulation and formationof field-aligned currents systems including an Earth’s like ’Region 2’ current system at local dawn.We have further studied Saturn’s equatorial ionospheric electron densities and report that Northernand weaker southern PPO modulations occur in the ionospheric diffusive layer and transport region( 2500-10,000 km) but not at lower altitudes. The maxima in electron density occur near the rotatingprincipal meridians for both the Northern and Southern PPOs. Finally, we focus on a new studyreporting modulations in equatorial plasma velocity by the PPOs as observed in CAPS/IMS equatorialion velocity data from 2004-2012.
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Transient Flashes on Saturn’s UV Aurora

T. Qin 1, S.V. Badman 1, J. Kinrade 1, A. Bader 1

1 Lancaster University, UK
Transient flashes in Saturn’s auroral images correspond to∼1 h quasiperiodic pulsations (or QP60)in in situ particle and wave measurements at high latitudes. A previous investigation by Bader etal. (2019) showed these events mostly take place near dusk and link to magnetodisc reconnection.In this study, we examined northern auroral images from Hubble Space Telescope (HST) 2013-2017campaigns, identified 29 short-lived, recurrent features and examined simultaneous magnetometer(MAG) data collected by the Cassini orbiter. We found, when HST observation cadence permitted,the flash lifetime ∼4-17 min (subject to uncertainties related to exposure times), and a 40-70 minperiodicity in occurrence. A heat map was constructed to illustrate the aggregate occurrence oftransient auroral signatures, and it shows a strong preference in both local time, 14-19 LT, and latitude,75-85◦. These transient flashes are identified in either the presence or absence of Saturn’s main auroraloval, indicating the lacking of dependence on the main emission power. The concurrent magnetic fieldpulsations generally take a sawtooth shape rather than a sinusoid, and the local field strength canexperience a change varying significantly from 0.5 to 5.0 nT (depending on the range of Cassini). TheQP pulsation events were all detected when the spacecraft was at the southern hemisphere and areusually seen with a less bent-back field, suggesting closed field lines in a more dipolar configuration.One of the identified field pulsation events (2014-100) indicates that these features could occur atthe∼21 LT region, in agreement with the spatial location of an identified, atypical flash (2016-232).We also found the ionospheric footprint of the spacecraft must be close to the region of flashes formagnetic field pulsations to be detected, indicating a localised rather than global driving process.
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A multi-instrument, multi-event study of the interactions between Galilean moons
and the magnetosphere of Jupiter

J. Rabia 1, N. André 1, M. Blanc 1,2, Q. Nenon 1, F. Allegrini 3, B.H. Mauk 4, J.E.P. Connerney 5 &W.S.
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NASA’s Galileo mission taught us that Galilean moons interactions with the magnetosphere of Jupiterare the main source of plasma of this magnetosphere. However, the mechanisms involved in theseinteractions are diverse and poorly understood. The Juno mission, in orbit since 2016 and originallydesigned to study the auroral processes occurring in Jupiter’s vast magnetosphere, was recentlyextended to explore the Galilean moons, making it possible to investigate moon-magnetosphere inter-actions and especially interactions between moons and the plasma frozen into the nearly-corotatingmagnetospheric field. The moons, which orbit with a Keplerian velocity slower than the plasma flowspeed, constitute an obstacle to the co-rotating plasma. This obstacle generates disturbances inplasma flow, particle distributions, current systems, magnetic perturbations and wave emissions,including the generation of Alfven wings which propagate to the Jovian ionosphere and trigger auroralemissions. The amplitude and geometry of these disturbances strongly depends on each moon’sspecific properties. Io creates the spatially broadest interaction region, which encompasses its fullneutral and ionized torus along its orbit and generates the largest plasma source of the Jovian magne-tosphere. In contrast, the three icy moons Europa, Ganymede and Callisto correspond to radicallydifferent types of interactions: Ganymede’s intrinsic magnetosphere offers the largest obstacle tothe plasma flow and may therefore induce the largest perturbations. Europa and Callisto’s surfaces,without the protection of an intrinsic magnetic field, interact directly with Jovian magnetosphericflows and energetic particles. These diverse interactions induce space weathering and chemicalalteration of the three moons icy surfaces. These disturbances are also thought to be space and timedependent: because Jupiter’s magnetic axis is tilted with respect to its rotational axis by roughly 10◦,the moons wobble up and down through Jupiter’s plasma sheet and encounter different plasma andfield conditions during their wobbling motion. Juno crossed the magnetic shell of each moon at leasttwice per orbit during its forty first orbits, generating a huge observational dataset that witnesses thediversity of physical processes involved in moon-magnetosphere interactions. In this communication,we study these mechanisms, with a primary focus on icy moons, using data from four instruments: thetwo charged particle spectrometers JADE and JEDI, the magnetometer MAG and the electromagneticwaves investigation WAVES. We use this multi-instrument and multi-event approach to highlight thedifferent signatures of magnetosphere-moons interactions and their space and time variations. Finally,in a focused comparative study of Ganymede and Europa interactions using electron data, we identifythe differences between plasma interactions with an intrinsic magnetosphere near Ganymede andwith an induced wake and magnetic field near Europa.

145



An exploration of the Saturn magnetosphere using pitch angle distributions

C. R. Radulescu 1, A. J. Coates 1, G. H. Jones 1, R. L. Tokar 2,

1 UCL Mullard Space Science Laboratory, Dorking, UK 2 Planetary Science Institute, Tucson, AZ, USA
The Saturnian magnetosphere is home to a wide variety of processes that involve charged particlesand their study is essential for understanding of magnetospheric physics at giant planets. Enceladus isthe source of neutral water molecules which pervade the magnetosphere and ice grains which formthe E ring, and pickup ions are produced when the neutral molecules are ionised and interact withSaturn’s corotating plasma and magnetic field. Pitch angle distributions provide us with a great toolfor studying these interactions. In this study we build upon the work done by Tokar et al. (2008),reproducing their radial vperp vs vparallel plots and applying them to the entire Cassini mission andlooking at more processes. We use data from the Cassini CAPS and MAG instruments and coverthe mission from the Cassini Orbit Insertion in 2004 to 2012 when the CAPS instrument stoppedworking. These plots give us a good idea of the pitch angle distribution of ions as well as their velocitydistribution above the corotation speed allowing us to gauge the amount of acceleration they haveundergone. We look at pickup ion signatures around the orbits of Saturn’s moons, banded ions andplasma waves and their interaction with charged particles. Our results show that these plots areeffective in identifying pick-up ions within the inner magnetosphere.
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Transient heavy ion radiation belts at the orbits of Europa, Ganymede and Callisto

Elias Roussos 1, Norbert Krupp 1, Konstantinos Dialynas 2, Christina Plainaki 3, Chongjing Yuan 4

1 Max Planck Institute for Solar System Research, Goettingen, Germany 2 Office of Space Research andTechnology, Academy of Athens, Athens, Greece. 3 Italian Space Agency (ASI), Rome, Italy 4 ChineseAcademy of Sciences, Beijing, China
Due to their high mass and large sputtering yield, heavy ions with energies above 1 MeV/nucleon couldbe an important weathering agent of icy moon surfaces in the magnetosphere of Jupiter. However,the way these heavy ions have been treated in space weathering simulations is limited by severalsimplifying assumptions: oxygen and sulfur are considered to be the dominant species, while theirflux spectrum is assumed to be stable over both short and long-time scales. In this work we putthese assumptions to test, using reprocessed energetic heavy ion measurements by Galileo’s HeavyIon Counter (HIC), measuring Z>4 ions from∼5 MeV/nucleon and well into >50 MeV/nucleon andcontextual information by Galileo’s Energetic Particle Detector (EPD) and the Plasma Spectrometer(PLS) instruments. We identify about ten instances, all in the vicinity of the three Galilean moonsto be visited by the JUICE mission (Europa, Ganymede, Callisto), during which the energetic heavyion signal intensity increases by at least a factor of five and up to several orders of magnitude withrespect to the nominal levels. We demonstrate that several of these increases contain significantamounts of carbon, probably of solar wind origin, at large concentrations compared to sulfur. Themost intense transient is observed during Galileo orbit C22 when also an extreme ultra-relativisticelectron storm was observed. Its ion spectra, dominated by oxygen and carbon, extend well above50 MeV/nucleon. Short- and long-term variations in ion fluxes and ion composition information willbe used to identify the drivers of these dynamical changes. The implications of these findings withregards to the weathering of the Galilean moons will be also discussed.
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A Test Particle Simulation of Jovian Magnetospheric Electrons Precipitating into
Europa’s Oxygen Atmosphere

Shinnosuke Satoh 1, Fuminori Tsuchiya 1, Shotaro Sakai 1, Rikuto Yasuda 1, Yasumasa Kasaba 1

1 Tohoku University, Japan
Europa has a tenuous atmosphere composedmostly ofmolecular oxygen generated through sputteringof the water-ice surface by Jovian magnetospheric ions. The oxygen OI] 135.6 nm emissions have beendetected in Europa’s atmosphere. Roth et al. [2016] found that there is north-south asymmetry ofthe 135.6 nm brightness when Europa is far from the plasma sheet center. Since the main source ofthe 135.6 nm emissions is the electron impact dissociative excitation of O2, they concluded that theasymmetry is the result of an inequality of electron energy flux into Europa’s atmosphere. The electronenergy flux into the atmosphere depends on (a) the bounce period of magnetospheric electronsmoving along a field line, (b) the velocity of the corotating plasma flow, and (c) the magnetic latitudeof Europa. Retherford et al. [2003] explained that when the corotating plasma flow slows down by themoon-plasma interaction, most electrons in an intersecting flux tube collide with Europa: the electronsabove Europa precipitate into the northern hemisphere and those below Europa precipitate into thesouthern hemisphere. This creates a pronounced asymmetric electron energy flux into the atmospherewhen the moon is far from the plasma sheet center. The theory, however, has never been evaluatedfor the case of Europa quantitatively. To derive the electron flux into Europa’s surface, we trace themotion of Jovian magnetospheric electrons around Europa with a test particle simulation. We assumethat Jupiter has a tilted dipole magnetic field and a corotational electric field. The motion of eachmagnetospheric electron is treated as a superposition of the cyclotron motion around a field line, thebounce motion along the field line and the longitudinal convection in the Jovian magnetosphere. Weuse a model of the moon-plasma interaction by Ip [1996] to describe the deceleration of the corotatingplasma flow near Europa. To reduce the computational costs, we use the equation of motion for theguiding center of the gyration (Northrop and Birmingham [1982]) and trace the trajectories backwardin time (e.g., Cassidy et al. [2013]). We calculate the spatial distribution of electron precipitationand derive the electron flux to Europa’s surface. We found that the corotation velocity relative toEuropa, 100km/s at Europa’s orbit, is required to be decelerated to below 5km/s in order to create anorth-south ratio of electron flux larger than 2. We also calculate brightness of the 135.6 nm emissionswith the derived electron flux. We found that the scenario suggested by Retherford et al. [2003] canexplain the observed north-south brightness ratio of 135.6 nm on Europa (< 5). This suggests thatthe interaction between Europa and magnetospheric plasma can be considerably strong near themoon. Our study demonstrates how the asymmetric morphology of the 135.6 nm aurora is createdon Europa. The results could be a constraint for the study of energy transportation from the Jovianmagnetosphere to Europa’s environment.
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Density Model of the Io Plasma Torus Constrained by the Io Footprint Positions

S. Schlegel 1, J. Saur 1

1 Institute of Geophysics and Meteorology, University of Cologne, Germany
The electromagnetic interaction between Jupiter and its innermost Galilean moon Io is a primeexample for moon-planet and star-planet interaction. Io’s movement relative to the plasma in Jupiter’smagnetosphere creates Alfvén waves that propagate along the magnetic field lines towards Jupiter’sionosphere. There, these waves are subject to wave-particle interaction, accelerating particles towardsJupiter and creating auroral emissions, called footprints, in the process. The positions of thesefootprints depend on the magnetic field and the total travel time of the waves, which in turn aredetermined by the plasma density along the travel path. Therefore, we can use the footprints as adiagnostic for the magnetic field and density profile in Jupiter’s inner magnetosphere. In our work, weuse the JRM33 magnetic field model and the observed positions of the Io footprints to constrain a Ioplasma torus density model along the magnetic field lines. In our inversion, we obtain torus positions,peak densities and scale heights that are consistent with models in the general literature.

Callisto’s moon-magnetosphere interaction: MHD parameter studies for Galileo’s
C03 and C09 flyby

D. Strack 1 J. Saur 1

1 University of Cologne, Germany
We investigate the influence of selected parameters on Callisto’s moon-magnetosphere interactionswithin Jupiter’s magnetosphere using an MHD model. Callisto experiences a time-varying magneticfield and is subject to the subcorotational flow of the magnetospheric plasma. The time-varyingmagnetic field induces a secondary magnetic field within conductive layers of Callisto, such as asubsurface ocean or the ionosphere. The interactions betweenCallisto and the plasmaflowadditionallyaffect the ambient magnetic field. The magnetic field in Callisto’s vicinity thus depends on propertiesof Callisto and of the magnetospheric plasma, which generally are not fully constrained. By applyingan MHD model, we study the influence of selected parameters such as upstream plasma properties orthe density of the atmosphere on Callisto’s space plasma environment. Our model allows to includean induced dipole field in the simulation of the moon-magnetosphere interactions. The model resultsare directly compared with the magnetometer measurements of Galileo’s C03 and C09 flyby. Forthe C03 flyby, we find the induced dipole field to be strong and the magnetic disturbances due tomoon-magnetosphere interactions to be comparatively weak. For the C09 flyby, we find inductionand moon-magnetosphere interactions to have a somewhat similar magnetic signature.
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Small-scale signatures of Io’s flux tube: Evidence of filamentation?

A. H. Sulaiman 1, J. R. Szalay 2, G. Clark 3, F. Bagenal 4, J. E. P. Connerney 5,6, W. S. Kurth 1, R. L.
Lysak7, S. J. Bolton 8

1 Department of Physics and Astronomy, University of Iowa, Iowa City, IA, USA 2 Department of Astro-physical Sciences, Princeton University, Princeton, NJ, USA 3 Johns Hopkins University, Applied PhysicsLaboratory, Laurel, MD, USA. 4 Laboratory for Atmospheric and Space Physics, University of ColoradoBoulder, Boulder, CO, USA 5 Space Research Corporation, Annapolis, MD, USA 6 NASA/Goddard SpaceFlight Center, Greenbelt, Maryland, USA. 7 Minnetota Institute for Astrophysics, School of Physicsand Astronomy, University of Minnesota, Minneapolis, MN, USA. 8 Southwest Research Institute, SanAntonio, TX, USA.
The Juno spacecraft routinely traverses high-latitude magnetic flux tubes connected to Io’s orbit,affording assessment of the Io-Jupiter interaction in unprecedented detail. Recent works have madesignificant progress in this area by providing observational constraints and highlighting the diversityof fields and particles that play a role in mediating the coupling, namely, energization/accelerationfeatures of electron, proton, low- and high-frequency electromagnetic wave, and magnetic fieldspectra [Clark et al., 2020; Gershman et al., 2019; Paranicas et al., 2019; Sulaiman et al., 2020; Szalayet al., 2018; 2020a; 2020b]. While the large-scale picture is understood to be inherently non-linearand non-steady state, the nature of acceleration and power transmission remains an ongoing topic ofresearch. Since the particle acceleration is understood to occur at high-latitudes, Juno’s high-resolutioninstruments are well placed to investigate the small-scale features of the Io-Jupiter interaction. Herewe present evidence of correlated small-scale variations in field-aligned currents, charged particlefluxes, and high-frequency electromagnetic emissions. We investigate the possibility of a chain ofcausality and place our findings in the context of whether Io’s flux tube is filamented.
Clark, G., et al. (2020). Energetic Proton Acceleration Associated With Io’s Footprint Tail. GeophysicalResearch Letters
Gershman, D. J., et al. (2019). Alfvénic Fluctuations Associated With Jupiter’s Auroral Emissions.Geophysical Research Letters
Paranicas, C., et al. (2019) Io’s effect on energetic charged particles as seen in Juno data, GeophysicalResearch Letters
Sulaiman, A. H., et al. (2020). Wave-Particle Interactions Associated With Io’s Auroral Footprint:Evidence of Alfvén, Ion Cyclotron, and Whistler Modes. Geophysical Research Letters
Szalay, J. R., et al. (2018), In situ observations connected to the Io footprint tail aurora, Journal ofGeophysical Research
Szalay, J. R., et al. (2020a), Proton acceleration by Io’s Alfvénic interaction, Journal of GeophysicalResearch
Szalay, J. R., et al. (2020b), A new framework to explain changes in Io’s footprint tail electron fluxes,Geophysical Research Letters
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LAPYUTA (Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope
Assembly) mission

Fuminori Tsuchiya 1, Go Murakami 2, Atsushi Yamazaki 2, Tomoki Kimura 3, Masato Kagitani 1,
Ryoichi Koga 5, Jun Kimura 6, Norio Narita 4, Shingo Kameda 7, Masahiro Ikoma 8, Masami Ouchi
8,4, Masaomi Tanaka 4, Kei Masunaga 2, Shotaro Sakai 1, Chihiro Tao 9, Masaki Kuwabara 7, Shin
Toriumi 2

1Tohoku University, 2ISAS/JAXA, 3Tokyo University of Science, 4The University of Tokyo, 5NagoyaUniversity, 6Osaka University, 7Rikkyo University, 8NAOJ, 9NICT
Ultraviolet observation technique is one of the most powerful tools to cover wide science fields, fromplanetary science to astronomy. Here we propose a UV space telescope, LAPYUTA (Life-environmento-logy, Astronomy, and PlanetarY Ultraviolet Telescope Assembly), as a Japanese-leading mission, byusing both many heritages of UV instruments for planetary science (e.g., Hisaki) and space telescopetechniques for astronomy. Wewill 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. The first topic which includes sciences related with theGalilean moons and the Jovian magnetosphere. In our solar system, subsurface oceans of icy moons atgas giants are the most likely extraterrestrial habitable environment. Evolution and current situationof the 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 themagnetosphere to the icy moons. The icy moon’s plumeand ambient space are deeply explored with the spacecraft by NASA’s and ESA’s icy moon missionsin 2020s-2030s. The in-situ measurement with the spacecraft (JUICE & Europa clipper) quantifiesthe gas density, molecular/atom species, and electromagnetic fields at the spacecraft location. Thecomplementary remote sensing of the plume and ambient space by LAPYUTA will visualize their globalstructure and temporal dynamics.
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The Salinity of Europa’s Subsurface Ocean and the Implications on its Conductivity
and Resulting Induction Amplitude

J. Winkenstern 1 J. Saur 1

1 University of Cologne, Germany
The chemical composition of the subsurface ocean harboured within the Jovian satellite Europais an ongoing research question. Past literature hinted toward multiple possible constituents, e.g.NaSO4 and MgSO4 (Orlando et al., 2005). Research efforts in the recent years however favour NaClas the main compound (Trumbo et al., 2019). Given the correlation between chemical compositionand conductivity, this topic has a direct impact on our studies of induced magnetic fields, as theconductivity is one of two fundamental parameters governing the induction amplitude, the otherone being ocean’s thickness. A better understanding of the expected conductivities will help us infurther constraining the parameter range for the thickness. We present a parameter study, showingthe induction amplitude reached for different conductivities and fixed thicknesses, and connect theseresults to the salt compounds which possibly make up the salinity of Europa’s subsurface ocean.

Wave-Particle Interactions at Saturn: The Impact of Multiple Wave Types on the
Dynamics of Saturn’s Electron Radiation Belt.

E. E. Woodfield 1, S. A. Glauert 1, R. B. Horne 1, J. D. Menietti 2, A. J. Kavanagh 1, Y. Y. Shprits 3,4

1 British Antarctic Survey, UK 2 University of Iowa, USA 3 GFZ Potsdam, Germany 4 UCLA, USA
In recent years, the importance of wave-particle interactions with electrons on the dynamics ofthe electron radiation belt at Saturn has been increasingly apparent. Thanks to the wave surveysprocessed from the NASA Cassini mission we are now able to work out the combined effect of theinteractions of different waves with the electron population in the inner magnetosphere. In thispresentation we investigate how the acceleration and scattering we expect from individual wavetypes are affected by combining the individual wave effects. Z-mode, whistler mode chorus and hissand have all been shown to accelerate electrons whilst ion cyclotron waves scatter them into theatmosphere. However, the strength and location of all these waves vary greatly and their impacton the electron population depends on the underlying plasma properties at any given location. Wepresent our analysis of the effects of combinations of whistler-mode chorus and hiss, Z-mode and ioncyclotron waves on energetic electrons across the inner magnetosphere of Saturn. In particular weshow remarkable similarities between the simulated and observed pitch angle distributions of veryhigh energy electrons.
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Rotational Modulation of the 20 kHz Saturn Narrowband Emissions

S.Y. Wu 1,2, S.Y. Ye 1, G. Fischer 3, J. Wang 1, W.S. Kurth 4, Z.H. Yao 5, R.L. Guo 5,6,7, J.D. Menietti 4,
M.Y. Long 8, Y. Xu 5

1 Department of Earth and Space Sciences, Southern University of Science and Technology, Shenzhen,Guangdong, People’s Republic of China 2 LESIA, Observatoire de Paris, Université PSL, CNRS, SorbonneUniversité, Université de Paris, Meudon, Paris, France 3 Space Research Institute, Austrian Academyof Sciences, Graz, Austria 4 Department of Physics and Astronomy, University of Iowa, Iowa City, IA,USA 5 Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, ChineseAcademy of Sciences, Beijing, People’s Republic of China 6 Laboratory for Planetary and AtmosphericPhysics, STAR Institute, Université de Liège, Liège, Belgium 7 Laboratory of Optical Astronomy and Solar-Terrestrial Environment, Institute of Space Sciences, School of Space Science and Physics, ShandongUniversity, Weihai, Shandong, People’s Republic of China 8 Department of Space Physics, School ofElectronic Information, Wuhan University, Wuhan, People’s Republic of China
The rotational modulation features of the 20 kHz narrowband emissions at Saturn are studied forthe first time, and they are compared to the modulations of 5 kHz narrowband emissions and SaturnKilometric Radiation. A least-square analysis reveals that the modulation rates of 20 kHz narrowbandemissions are similar to the 5 kHz narrowband emission, displaying dual periodicities in each hemi-sphere, which can be explained as Z mode waves crossing the hemisphere before mode conversionto L-O mode. Seasonal variations of the modulation rates are also observed. The relative phasedifferences between the narrowband emissions and the Saturn Kilometric Radiation reveal a phaselock relation, suggesting that these three clock-like rotationally modulated emissions are triggered atdifferent local times and in sequence of the phase relation.

153



Numerical radar simulation for the explorations of the ionosphere at Jupiter’s icy
moons

Rikuto Yasuda 1, Tomoki Kimura 2, Hiroaki Misawa 1, Fuminori Tsuchiya 1, Atsushi Kumamoto 1,
Yasumasa Kasaba 1

1 Tohoku University, Japan 2 Tokyo University of Science, Japan
Jupiter’s icy moons such as Europa and Ganymede may harbor subsurface liquid water oceans andhave ionospheres created from the oceanic water materials. While only Earth has the ocean on thesurface in the current solar system, multiple icy bodies like the icy moons of giant planets have oceansin their subsurface under the icy crust. The icy bodies’ oceans are potentially more universal habitableenvironment than the Earth-type surface ocean. Structures of the ocean and the ionosphere of the icymoos are essential information for understanding the universality of habitable environments. However,the structures of the oceans are unknown because in-situ or lander explorations on the surface of icyobjects, the most effective method for exploring the structures, are still at technically conceptionallevel at present. The structures of ionospheres are still unclear as well because the ionospheric radiooccultation and other effective explorations have difficulties of limited observing opportunities. Herewe are going to uncover the structures of the ocean and the ionosphere of Jupiter’s icy moons by theradar exploration with the Radio & Plasma Wave Investigation (RPWI) and the Radar for Icy MoonExploration (RIME) onboard the Jupiter ICy moons Explorer (JUICE). For the investigations of radiowave sounding in and around the icy moons with RPWI and RIME ranging in tens KHz to tens MHz, wedeveloped a numerical simulation code that models the propagation of electromagnetic (EM) wavesand emulated occultation of the Jovian radio waves by the icymoon’s ionospheric structures during theflybys of the Galileo spacecraft to Jupiter’s icy moons. In this presentation, we will propose the verticalionospheric profiles and day-night asymmetry of its structure in our result. As the next step, we willalso simulate the reflection and transmission of the EM waves in the icy crust and underlying ocean.After completing these studies, we will be able to elucidate icy moon’s ionospheric and subsurfacestructures by combining our model with the JUICE radar explorations. The combination of our modeland the JUICE radar explorations would also constrain the pressure and temperature of the subsurface,which finally lead to deep understandings of the icy moon’s habitability.
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Secondary electron emission from the Cassini spacecraft in Saturn’s ionosphere:
An alternative to charged dust?

Zeqi Zhang 1, Ravindra T. Desai 1, Yohei Miyake 2, Hideyuki Usui 2, Oleg Shebanits 3

1 Blackett Laboratory, Imperial College London, London, UK 2 Education Center on ComputationalScience and Engineering, Kobe University, Kobe, Japan 3 Swedish Institute of Space Physics, Uppsala,Sweden
In-situ observations of Saturn’s ionosphere inferred large populations of charged dust that dominatethe plasma dynamics. Significant questions remain, however, as to how much dust is present asCassini’s Plasma Spectrometers were offline and the Langmuir Probe only measures bulk currents. Inthis letter, we use three dimensional Particle-in-Cell simulations [Zhang et al., 2021] to further constrainhow the plasma currents control the spacecraft floating potential. We focus on the phenomenon ofSecondary Electron Emission (SEE) arising through collisions with the neutral atmosphere, and showhow this significantly enhances the phenomenon of electron wings and is also capable of chargingCassini to positive potentials, a phenomenon also associated with charged dust. The SEE simulationspredict a positive potential for even small neutral densities and can potentially be used to infer newinformation on the neutral composition of Saturn’s atmosphere.
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