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Introduction

UV aurorae observed on Jupiter, Saturn and Uranus are produced by energetic electron precipitations

• Several structures observed on Jupiter (satellite spots & tails, main oval, polar emissions…)

• Structures also observed on Saturn

• Uranus : UV aurorae detected regularly by HST (faint emission)

• Nepture : no UV detection (only recently in IR by JWST)

UV Emissions dominated by H and H2 (80 – 165 nm)

Gomez de Castro et al. 2022



Introduction

Adapted from Bagenal and Bartlett

• Aurorae are consequences of the interactions between the ionosphere, magnetosphere, moons and solar wind

• Very different magnetospheric configurations for the 4 giant planets (M, Ω, sun direction, source of plasma, …)



Science Goals & Objectives

• What are the atmospheric effects of energetic electron precipitations on giant planets ?

• What are the differences between the four giant planets ?

 Determine the local energy brought by energetic electrons in the atmosphere of auroral 

regions.

 Determine the induced atmospheric composition (chemistry, aerosols)

 Determine the induced atmospheric heating and consequences on the dynamics



Incident electron energy flux into the atmosphere

Example of energy maps deduced from CR observations by JUNO/UVS 

Benmahi et al. (2024)

What is the energy of the impacting electrons ?



Induced chemistry

Example : composition

In auroral regions: importance of ion-neutral chemistry (not only photochemistry) required to explain some

observations (benzene and heavier HC on Saturn) 

Possible formation of more aerosols in Jupiter’s stratosphere driven by magnetospheric-ionospheric interactions ?

Sinclair et al. 2017, 2019



Induced heating

Precipitating energetic electrons heat the local atmosphere. Can this heat be transported to all 

latitudes efficiently ? Can it produced strong winds ?  Temporal variations …?

What happens on Uranus and Neptune (Large obliquity of magnetic field) ?

O’Donoghue et al. 2021

Infrared observations



Physical parameters to measure : 

Energy of electrons

Energy of electrons (talk by L. Lamy)

- CR: I(155-162 nm)/I(123-132 nm)

- H(Lyman-alpha)/H2

- Lyman-alpha polarization

James et al. 1998

Gerard et al. 2019



Physical parameters to measure : 

Composition and aerosols

UV – visible – NIR : H H2 (emissions)

+ absorption line (C2H2, C2H6, NH3, PH3, CH4)*

Fletcher et al. 2023



Physical parameters to measure : 

Temperature and winds velocity

Measurement of the H Lyman-alpha spectra line at high 

spectral resolution (R > 20000) 

Prangé et al. 1997 Chaufray et al. 2010



Observations with HWO: Spectra

Two possible instruments on HWO : 

- Spectro Imager

- Spectro Polarimeter (POLLUX)

 Spectral separation of H and D Lyman-alpha lines : R > 4000

 Lyman-alpha profiles in aurora : R > 20000

 Linewidth at 800 K for H2 lines ~ 10 mA ( R > 160000)

Liu and Dalgarno 1996

Giles et al. 2023



Observations with HWO :Spectro-Imagery

Infrared images of aurorae on Neptune by JWST

Images the auroral 

regions of the two less

studied giant planets : 

Uranus and Neptune

Example : Are UV 

aurorae on Neptune 

similar to IR 

observations by JWST 

??

Melin et al. 2025



Observations with HWO : Spectro-Polarimeter

Source of polarization

 Electron impacts

 Rayleigh scattering

 Scattering by aerosols

James et al. 1998



Conclusion

Two instruments on HWO would be useful for future study of aurorae on giant planets, 

particularly less observed Uranus and Neptune and their impact on the upper atmosphere.

To measure the precipitating electron energy flux (from CR, Lyman-alpha polarisation, H/H2)

To measure the atmospheric composition and aerosols in the atmosphere (from absorption lines, 

polarization)

To measure the atmospheric heating and dynamics (from emission lines)

To study several regions on the four giant planets (imager and localized spectra)


