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Auroral emissions from Ganymede

Jia et al. (2015)

Credit : NASA

Question:
What influence does the Jovian magnetosphere have on 
the atmospheres of neighboring satellites?

Objective: 
We want to characterize the electrons precipitating in 
the auroral regions of Ganymede.
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Bri = 56.34 R

𝜃 = 46.7°
𝜑 = 42.9°

Observation

Oxygen 3S
emission line
(130.4 nm)

Oxygen 5S
emission line
(135.6 nm)

Solar continuum 
reflected by the surface
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SZA

Emission angle

Ganymede
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(OI) UV emission 
spectrum modeling

Atmospheric model
For Ganymede (H2O, O, 

O2, H, H2)

Electronic transport
TransPlanet

(Benmahi et al. 2024a,b)

Initial mean energy of 
precipitating electrons 

(Q0, 𝐸0)
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 O

 
p

ro
d

u
ctio

n
 ra

tes

Initial electron flux 
distribution

Methods

In this study we used
Vorburger et al. (2024) 

Ganymede’s atmospheric
model

By varying 
Q0 and 

Best fit

Following an emission
angle 𝜽 and an SZA 𝝋

Q0 = 1 mWm-2 [erg cm-2 s-1 ]
<E> = 1000 eV

Monoenergetic
electron flux distribution

Q0 = 1 mWm-2 [erg cm-2 s-1 ]
<E> = 1000 eV

Maxwellian
electron flux distribution

Q0 = 1 mWm-2 [erg cm-2 s-1 ]
<E> = 1000 eV

Kappa 
electron flux distribution
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Results

Regions 0, 7 and 13:

Only low energy and monoenergetic electrons

provide best fits with:

𝑬𝟎 from ~ 17 to 20 eV

𝑸𝟎 from 0.2 to 1 mW/m2

These values are in agreement with

measurements at very high altitudes, which

predict energies for precipitating electrons of the

order of tens to hundreds of eV (e.g., Waite et

al. 2024).
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Results
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Results

Regions 6, 9 and 10: all three distributions

visually adjust spectra.

But Large differences in estimated parameters

depending on the distribution chosen within the

same region.

We used BIC criterion to objectively

discriminate between models.

Monoenergetic distribution most often selected

by BIC.

Characteristic energy: 70 to 300 eV.

Energy flux: 0.5 to 2 mW/m2.

Conclusion: monoenergetic best reproduces

the spectra of Ganymede's auroral subregions.

BIC = Bayesian information criterion

𝑩𝑰𝑪 = 𝒌 ∙ 𝒍𝒏 𝑵 − 𝟐 ∙ 𝐥𝐧(෡𝑳)

𝑘 = number of free model parameters

𝑁= len of the sample
෠𝐿 = maximum likelihood of the model
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•First quantitative retrieval of precipitating electron energies and fluxes producing

Ganymede's UV aurorae (130.4 & 135.6 nm) using Juno/UVS observations + 

TransPlanet + non-LTE modeling.

•17 sunlit auroral sub-regions analyzed:

• Monoenergetic, kappa-type and Maxwellian distributions tested.

• Best-fit solutions identified by maximizing spectral likelihood.

•Main results:

• Mean electron energies: 17–300 eV

• Energy fluxes: 0.1–2 mW/m²

• Values are consistent with previous in situ measurements (e.g., JADE/JEDI)

•Monoenergetic distributions yield better spectral fits in most regions.

• Especially effective in bright regions like region 7 (e.g., 300 R, ratio ~2.7)

• This method characterizes only low-energy electrons that generate auroral 

emissions while higher-energy electrons interact directly with the surface.

In prespective, crucial measurements will come from Particle Environment Package 

(PEP)/JUICE.

This work is detailed in Benmahi et al. (accepted).

Conclusion

Credit : NASA
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Results

Best fit

Best fit





Q0 = 1 mWm-2 [erg cm-2 s-1 ]
<E> = 1000 eV

Q0 = 1 mWm-2 [erg cm-2 s-1 ]
<E> = 1000 eV

Both distributions have the same <E>

Type of initial flux energy distribution for precipitating
electrons:

 Mono-energetic distribution  𝝓(𝑬,𝒛𝒎𝒂𝒙) ~ 𝜹(𝑬-<𝑬>) 

 Kappa distribution such as Coumans et al. (2002)  
𝝓(𝑬,𝒛𝒎𝒂𝒙) ~ 𝒇𝜿(𝑬, <𝑬>) with 𝜿=𝟐.𝟓

𝜿=𝟐.𝟓was determined thanks to Salveter et al. (2022)’s 
JEDI particle measurements during the 20 first PJ.

Electron flux distribution examples
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O auroral emission model

• L'émission UV de l'oxygène atomique provient principalement
des transitions entre les états excités (3S, 5S) et l'état
fondamental.

• Ces etats sont, respectivement, triplet et doublet.

• Les longueurs d'onde clés : 130 nm et 135 nm.
• Modèle basé sur le transfert radiatif en conditions NLTE (Non

Local Thermodynamic Equilibrium) car atmosphère froide et
tenue.

• Taux de production des états excités calculés via un modèle
de transport électronique via les rapports de branchements
de la reaction

e + O O* + e avec O* produit dans l’etat 3S et 5S selon les seff

----------------------------------------------------------------------------------------------------------------------------- --- ------------------------------------------------------------ ----- ----- ---- ---------

Spectrum  |        Ritz        |  Transition   |  Rel. |    Aki     |    fik |      S     | Acc. |       Ei Ek |         Lower level (i)       |          Upper level (k) |        gi     gk A_ki_tot

|     Wavelength |  Wavenumber |  Int. |   (s^ - 1)   |            |    ( a.u .)  |      |      (eV)         (eV)      | ------------------------------ | ------------------------- | ----- (s^ - 1)

|      Vac (nm)      |      (cm - 1)   |       |            |            |            |      |              |           | Conf.           | Term | J   | Conf.            | Term | J   |      |       

---------- | -------------------- | --------------- | ------- | ------------ | ------------ | ------------ | ------ | -------------- | ----------- --- | ----------------- | ------ | ----- | ------------------ | ------ | ----- | ----- | ---- ---------

O3S                 130.216848       76795.0       900   3.41e+08     5.20e - 02     1.11e+00     A        0               9.52136 38   2s2.2p4           3P     2     2s2.2p3.(4S*).3s   3S*    1       5     3    6.116e+08

O3S                 130.485763       76636.7       600   2.03e+08     5.18e - 02     6.68e - 01     A        0.0196224       9.52136 38   2s2.2p4           3P     1     2s2.2p3.(4S*).3s   3S*    1       3     3    6.116e+08

O3S                 130.602861       76568.0       300   6.76e+07     5.19e - 02     2.23e - 01     A        0.0281416       9.52136 38   2s2.2p4           3P     0     2s2.2p3.(4S*).3s   3S*    1       1     3    6.116e+08

O5S                 135.559767       73768.200    - 999   4.20e+03     1.16e - 06     2.58e - 05     B        0               9.14609 11   2s2.2p4           3P     2     2s2.2p3.(4S*).3s   5S*    2       5     5    5.560e+03

O5S                 135.851230       73609.935    - 999   1.36e+03     6.27e - 07     8.41e - 06     B        0.0196224       9.14609 11   2s2.2p4           3P     1     2s2.2p3.(4S*).3s   5S*    2       3     5    5.560e+03



Schema de l’emission complexe

1000 mbar / 0 km

Alt max

Alt penetration max 1

𝜇
𝜕𝑢 𝜏, 𝜇, 𝜑

𝜕𝜏
= 𝑢 𝜏, 𝜇, 𝜑 −

𝜔

4𝜋
න
−1

1

න
0

2𝜋

𝑝 𝜇, 𝜑, 𝜇′, 𝜑′ 𝑢 𝜏, 𝜇′, 𝜑′ 𝑑𝜑′𝑑𝜇′ −
𝜔𝐼0
4𝜋

𝑝 𝜇, 𝜑, −𝜇0, 𝜑0 𝑒
−𝜏
𝜇0 − 𝑆0 𝜏 − 𝑆1 𝜏

Where : 
𝑆0 𝜏  Internal source smission from O* (VER(z))
𝑆1 𝜏  Frequency redistribution source function calculated by 𝑅𝐼𝐼(𝜏, 𝜈, 𝜇, 𝜈

′, 𝜇′) (in the same way as Randy's model)



Calcul du spectre d'emission sans source interne

𝜇
𝜕𝑢 𝜏, 𝜇, 𝜑

𝜕𝜏
= 𝑢 𝜏, 𝜇, 𝜑 −

𝜔

4𝜋
න
−1

1

න
0

2𝜋

𝑝 𝜇, 𝜑, 𝜇′, 𝜑′ 𝑢 𝜏, 𝜇′, 𝜑′ 𝑑𝜑′𝑑𝜇′ −
𝜔𝐼0
4𝜋

𝑝 𝜇, 𝜑,−𝜇0, 𝜑0 𝑒
−𝜏
𝜇0 − 𝑆(𝜏)

Cas où 𝑆 𝜏 = 0
Tout en considérant :
𝜔 ≪ 1 et constant !



Schema de l’emission complexe

1000 mbar / 0 km

Alt max

Alt penetration max 1

𝜇
𝜕𝑢 𝜏, 𝜇, 𝜑

𝜕𝜏
= 𝑢 𝜏, 𝜇, 𝜑 −

𝜔

4𝜋
න
−1

1

න
0

2𝜋

𝑝 𝜇, 𝜑, 𝜇′, 𝜑′ 𝑢 𝜏, 𝜇′, 𝜑′ 𝑑𝜑′𝑑𝜇′ −
𝜔𝐼0
4𝜋

𝑝 𝜇, 𝜑, −𝜇0, 𝜑0 𝑒
−𝜏
𝜇0 − 𝑆 𝜏

Where :
𝑆 𝜏 = 𝑆0 𝜏 + 𝑆1 𝜏
Whith : 
𝑆0 𝜏  Frequency redistribution from solar contribution
𝑆1 𝜏  Frequency redistribution source function calculated by 𝑅𝐼𝐼(𝜏, 𝜈, 𝜇, 𝜈

′, 𝜇′)





----------------------------------------------------------------------------------------------------------------------------- --- ------------------------------------------------------------ ----- ----- ---- ---------

Spectrum  |        Ritz        |  Transition   |  Rel. |    Aki     |    fik |      S     | Acc. |       Ei Ek |         Lower level (i)       |          Upper level (k) |        gi     gk A_ki_tot

|     Wavelength |  Wavenumber |  Int. |   (s^ - 1)   |            |    ( a.u .)  |      |      (eV)         (eV)      | ------------------------------ | ------------------------- | ----- (s^ - 1)

|      Vac (nm)      |      (cm - 1)   |       |            |            |            |      |              |           | Conf.           | Term | J   | Conf.            | Term | J   |      |       

---------- | -------------------- | --------------- | ------- | ------------ | ------------ | ------------ | ------ | -------------- | ----------- --- | ----------------- | ------ | ----- | ------------------ | ------ | ----- | ----- | ---- ---------

O3S                 130.216848       76795.0       900   3.41e+08     5.20e - 02     1.11e+00     A        0               9.5213638   2s2.2p4           3P     2     2s2.2p3.(4S*).3s   3S*    1       5     3    6.116e+08

O3S                 130.485763       76636.7       600   2.03e+08     5.18e - 02     6.68e - 01     A        0.0196224       9.5213638   2s2.2p4           3P     1     2s2.2p3.(4S*).3s   3S*    1       3     3    6.116e+08

O3S                 130.602861       76568.0       300   6.76e+07     5.19e - 02     2.23e - 01     A        0.0281416       9.5213638   2s2.2p4           3P     0     2s2.2p3.(4S*).3s   3S*    1       1     3    6.116e+08

O5S                 135.559767       73768.200    - 999   4.20e+03 1.16e - 06     2.58e - 05     B        0               9.1460911   2s2.2p4           3P     2     2s2.2p3.(4S*).3s   5S*    2  5     5    5.560e+03

O5S                 135.851230       73609.935    - 999   1.36e+03     6.27e - 07     8.41e - 06     B        0.0196224       9.1460911   2s2.2p4           3P     1     2s2.2p3.(4S*).3s   5S*    2       3     5    5.560e+03

e+O2O*

e+OO*

Experience de Kanik et al.

3S

3P

5S

3P



Influence de l’abondance de H2O dans les regions ensoleillées

Molyneux et al. 

Roth et al (2021)

 On va donc supposer que H2O n’est pas trop influencé par le sun



Sections efficaces e+X O*+…

A basse energie, la seff de H2O3S est 2 ordres de grandeurs 
plus faible que O23S 
Pour l’etat 5S c’est encore plus faible. 

A haute energie (100 eV),  c’est 1 ordre de grandeur, mais on ne 
voit pas d’electrons aussi energétiques.


