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Introduction: Jupiter’s magnetosphere
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Earlier models
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Earlier model limitations
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Cold plasma

 Based mostly on Pioneer 10/11 data
 Only mean models

 Limited distance/latitude applicability
 No temporal variations

Energetic particles

 No temporal variations
 Mostly mean models

Both
« Data analysis challenges (penetrating
radiation, corrupted data, saturation etc.)




Introducing temporal variations
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CPEM development concept
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APL --------------- - Galileo data analysis | '
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 Available magnetic latitude data is limited. Theoretical guess needed.
 No inter-parameter dependence considered.




CPEM example: plasma density
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_ NJCAT(r, M LT’ M LAT, p) = N BDll(r) X reference model
A(p) X probability coefficient
M (r, M LT) X MLT coefficient

S h M (r, M I—AT) MLAT coefficient

Nep11(r) = 1987x(R/6)32 + 14x(R/6)32 + 0.05%(R/6)06°
A(p) = exp(-0.802467 + 0.0163519 * p)

M(r, MLT) =cO+cl*r

c0 = 0.1991 sin(MLT + 3.05hr) + 0.3469

¢l =-0.01380 sin (MLT+3.80hr) + 0.02883

ScM(r, MLAT) = exp(-(r sin(MLAT)/H)?)



CPEM example: plasma density
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: Plasma charge density at the magnetic equator Plasma charge density (MLT=0h)
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(Top) Derived plasma charge density model and its
comparison with existing models. Two probability
models, 50% (median) and 90% (extreme) are shown.

R [Rj]

(Right) Median model in 2D representation at MLT=0h.

CPEM will be available soon!




Hot Plasma Environment Model (HPEM)
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Empirically derived Differential
flux spectrum

vs time

L, local time,latitude (3-D) and
t|me (95< R <100 RJ) Magnetic Integral 1 [T)

coordinates spectrum vs
Electron spectra as a function of  [RASAUANIEE1)) time
time (150 keV — 50 MeV),

arbitrary energy resolution, time
resolution >11 min

Correlated electron spectra

Mean model + Monte Carlo
probability code

. Options:
Based on Galileo/EPD electron (a) Mean model

data (+ Pioneer 10/11 for Position vs (b) Dynamic model
constraints above 20 MeV) time + (c) Energy range

(d) Confidence level (...)




HPEM development concept
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Galileo EPD data reduction, calibration

l

Fits to analytical spectral forms (correlated
spectra)

i

For a spectral parameter parameterize:
(a) Absolute value vs position

(b) Probability function shape vs position
(c) Temporal gradient vs position

|

Derive correlation functions between

different spectral parameters vs L

l

Test runs & comparison with Galileo data

Optimize function coefficients



HPEM data analysis (1)

ensity [1/(cm?® keV

sr s)]

1996.8473
T

T T T T T

—0.91224975, 1.8861150, 1.0000000
error: 0.033; F error: 0.035; B&DC error: 0.012

10
energy [kev]

Use analytical functions
to describe j, , or log(j, ;)
Describe local
time/latitude variations,
where they exist

“‘ID.h

100



HPEM data analysis (2)
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Histogram Density

To quantify dynamics, we model the scatter of LOG(j, 1,)

using gaussian distribution fits as a function of L

19.5000
60
40
20
0.
10 -05 00 05

1.0

250

200

—
w
o

Histogram Density

—
o
o

w
o

0L
-1.0 -05 00

54.5000

0.5

1.0

15

60

80



HPEM data analysis (3)
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* We also constrained the total (temporal and spatial)
gradient of LOG,(j, ). We evaluated it as an L-gradient

Using the EPD time series we estimated:
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HPEM data analysis (4)
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* Using LOG,(J, ) as a basis, we obtain the other

Y109 (jo 1)

spectral parameters using correlation functions:
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HPEM implementation
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Define position and convert to magnetic

coordinates

!

Analytical functions provide mean value of
l0g(jon)

i

Random number generator selects a
deviation from the mean value and adds it to <

log(jo,h)
J No

Code tests if gradient of log(j, ) Is
acceptable

YES

Get spectral parameters from correlations
with log(j, ) and calculate spectra




HPEM sample results (Galileo)

APL
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LOG{Diff. Flux at 400 keV)
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HPEM sample results (JUICE)
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HPEM sample results (JUICE)
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HPEM: averaging over the JUICE orbit
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Summary
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New Jupiter environment models (CPEM
and HPEM) for cold plasma and energetic
electrons

Applicable for regions that will be visited by
JUICE

Suitable for describing time variations in the
system

Current status: testing/validation and
Implementation in JCAT charging codes



