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Motivation 

JUICE 
spacecraft 
charging 

Surface charging Internal charging 

Cold Plasma 
Environment Model 
(CPEM) (poster 67) 

Hot Plasma 
Environment Model 

(HPEM) 

Charging analysis tools  - JCAT project (see also posters 23, 24) 



Environment model requirements 

• Time series of integral electron flux spectra 

• Energies: 0.5 – 30 MeV 

• Distances: Europa – Callisto’s orbits (9.5 – 30 Rj) 

• Time scales of variability 

– Spatially varying electron spectra 

– Time variable spectra (dynamics) 

 

What is the duration of extreme flux enhancements? 

 

Do extreme fluxes occur simultaneously at all energies? 

 

How can we model dynamics from single point in-

situ energetic electron observations? 



Hot Plasma Environment Model (HPEM) 

• Empirically derived 

 

• L, local time,latitude and time 

(9.5< R < 100 Rj) 

 

• Electron spectra as a function of 

time (150  keV – 50 MeV), 

arbitrary energy resolution, time 

resolution >11 min 

 

• Correlated electron spectra 

 

• Mean model + Monte Carlo 

code + Flux Gradient testing 

 

• Based on Galileo/EPD electron 

data (+ Pioneer 10/11 for 

constraints around 30 MeV) 

HPEM 

Position vs 
time 

Options:  
(a) Mean model 

(b) Dynamic model 
(c) Energy range 
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Magnetic 
coordinates 

(ONERA library) 



HPEM data analysis (1) 

integral channels 

differential channels 

cutoff 

• Based on Garrett et al. efficiencies 
• Assuming spectral shape 



HPEM data analysis (2) 
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SPECTRAL SHAPE  
 

Choice based on: 

 

• Flexibility to model as many different types of spectra 

• Number of energy channels available 
 



HPEM data analysis (3) 

ANALYSIS STEPS 

 
• Analytical profile of jo,h as 

a function of L, LT, pitch 

angle 

 

• Profile of jo,h standard 

deviation as a function of L 

 
• Constrain gradient of 

fluxes using EPD time 

series 

 

• Parameterize spectral 

coefficient correlations  
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HPEM implementation 
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(t=to) 

Test if fluxes at 0.4 & 10 MeV 
are within limits 

t=to + Δt 

No 

Yes 



HPEM implementation 
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(t=to+ Δt) 

Test if fluxes and gradients 
at 0.4 & 10 MeV are within 
limits 

t=to + 2Δt 

No 

Yes 



HPEM single run 

Mean Model Monte-Carlo mode +  
flux gradient control 

Galileo LEMMS observations 



HPEM multiple runs 

1 MeV 

Black: HPEM (500 runs) 
Green: Galileo LEMMS 



Worst-case charging environment 

• ~2300 HPEM runs, five 

JUICE periapses including 

the two Europa flybys 

 

• Worst case spectra at 

times when 1 & 10 MeV 

max. integral flux 

observed 

 

• Spectra at different time-

averaging intervals 

 
• Confidence levels for 

worst-case spectra 



Worst-case charging environment 



Worst-case charging environment 



Worst-case charging environment 



Summary 

• HPEM is an empirical energetic electron 

radiation model, applicable for regions that will 

be visited by JUICE 

 

• Suitable for constraining time variations in the 

system, for spacecraft charging studies or other 

applications 

 

• Tested against Galileo observations and 

previous validated environment models of 

Jupiter 

 

• Availability in SPENVIS within 2016 

 


