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MOTIVATION
• The Microwave Radiometer (MWR) Experiment has the ability of sensing the 

thermal radiation of Jupiter’s atmosphere.
• Simultaneousy, MWR captures the signature of synchrotron radiation belts, 

which at 600 Mhz exceeds the brightness temperature of the planet’s 
atmosphere by one order of magnitude.

• In order to perform atmospheric composition retrievals the contributions from 
the two emission sources have to be disentangled.

• Daniel Santos-Costa’s (2001, 2016) higher fidelity physics-based model is 
currently the model in use in the production runs.

• Levin et al. (2001) empirical multi-parameter zonal model is the focus of this 
effort, as the update of the model coefficients would provide a closer 
match to the observations and a computational faster scheme for the 
atmospheric retrievals.

EGU General Assembly, Vienna, 2022



Mollweide projection maps of predicted synchrotron radiation for channel 1 
(600 MHz) and  channel 3 (2600MHz) at the beginning of the time series below.

Sample time series of observed vs. 
predicted antenna temperatures in 
the synchrotron region during 2 
spacecraft spins (first 3 MWR channels: 
600MHz, 1250 MHz & 2600 MHz; PJ16).

SYNCHROTRON RADIATION BELTS
MODEL RESULTS VS. OBSERVATIONS

Production baseline: electron density model from Daniel Santos-Costa (2008)

Spinmaps PJ1, 600 MHz. Top 
left : Observed; Top right: Levin 
et al. model; Bottom: DSC 
model.
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SYNCHROTRON RADIATION MULTI-ZONAL 
PARAMETRIC MODEL: ELECTRON DENSITY FUNCTION

904 LEVIN ET AL.: MODELING JUPITER’S SYNCHROTRON RADIATION
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Figure 1. The energy distribution used for the examples shown
in this paper.

The characteristic frequency, fc, is defined as

fc = 3e/(4πm
3c4)Bsin(α)E2. (7)

To calculate the observed emission map, we integrate the lo-
cal Stokes parameters over each line of sight at the frequency
of observation.
In the formulation for I , Q, and U given by Eqs. 1

through 3 above, we have made the approximation that the
opening angle of the synchrotron emission beam is small
compared to the pitch-angle dependence of the electron dis-
tribution. The opening angle is inversely proportional to
electron energy and is approximately 1.4◦ for 20 MeV elec-
trons. Following [Chang & Davis, 1962], we account for the
opening angle in calculating the total emission, but take the
approximation that all of the radiation is emitted instan-

Figure 2. Comparison between VLA maps and the model (us-
ing parameters in Table 1) at 1400 MHz. The images represent
model (left) and VLA (right) data for CML=120◦ (top) and 200◦

(bottom). Representative field lines taken from the VIP4 model
are shown in the meridional plane for L-shells of 1.5, 2.0, 2.5, 3.0,
and 3.5. Thermal emission from Jupiter has been subtracted.
For each map, the color scale (shown at the bottom) is linearly
normalized to the brightest pixel. Model maps are smoothed and
averaged to approximate the spatial and temporal (longitudinal)
resolution of the VLA observations. VLA data were taken in May,
1997.

Table 1. Example parameter set

L-Shell n1 n2 AL

1.36-1.44 1.0 50 6.0 28.0
1.44-1.78 1.0 46 8.5 14.5
1.78-2.00 1.0 40 22.0 10.4
2.00-2.24 1.0 40 44.0 25.5
2.24-2.48 1.0 40 45.0 35.7
2.48-2.80 1.0 40 90.0 130.0
2.80-3.30 1.0 40 125.0 450.0
3.30-3.90 1.0 40 120.0 1160.0

Using these parameters (see Eq. 10), the model roughly fits
the data. Parameters were chosen for each of 8 zones in L to
match the resulting model images to VLA data taken in May
of 1997. These parameter choices are used for all of the model
results shown in this paper. Other parameter choices can result
in similar qualitative agreement between model and data.

taneously at the time when the particle is moving directly
towards the observer. Thus the pitch angle of all emitting
particles is taken to be equal to the angle between the field
and the line of sight. The circular polarization, V, is a result
of the finite opening angle and the gradient of the pitch-
angle distribution. Equation 4 is taken from [Legg & West-
fold, 1968], along with the associated nomenclature. Typical
observed circular polarization is ∼ 2%.
In the computer model, we define the field and particle

distributions on a 3-dimensional grid, and calculate the ob-
served synchrotron emission by integrating Equations 1-4.
The model inputs allow a choice of magnetic field model
and electron density (as a function of pitch angle, energy
and L-shell). Currently, we take the electron density to be

ne(α, L, B,E) = ne,α(α, L, B) ne,E(E,B) (8)

where L is the L-shell, defined by

L = (M/Be)
1/3 (9)

with Be defined as the minimum magnetic field strength
on the local field line and the magnetic dipole moment of
Jupiter taken as M = 4.218 gauss-R3J . We further define

ne,α(α, L,B) = ALsin
n1(αeq) +BLsin

n2(αeq) (10)

and
ne,E(E,B) = E0/[E0 + (E/B

1/2)ε+0.75] (11)

where AL, BL, n1 and n2 are functions of L, constant within
each of an arbitrary number of zones, E = E/(1 MeV ), and
B = B/(1 Gauss). E0 and ε are set at 5000 and 2.25 for all
examples described in this paper, values chosen to roughly
match the energy distribution from [Divine & Garrett, 1983]
at L = 2 (Figure 1).
The atmospheric loss cone is approximated by modifying

the electron distributions to remove all particles mirroring
at < 1 RJ at any time during a longitudinal drift period. For
purposes of this calculation, shell-splitting is ignored, with
particles taken to drift on surfaces of constant L, defined as
(M/Beq)

1/3. We have calculated drift shells more exactly by
tracing particle motions adiabatically, and the shell-splitting
is small compared to our 0.05 RJ resolution [Wang, 2000].
Taking as inputs AL, BL, n1 and n2 for each zone in L,

the model produces as outputs a map of each of the I , Q, U ,

8 zones BL

32 parameter values 
8 zone delimiters

Processing time for skymaps covering each perijove: 
- before:14 hours per channel (fits and image maps)
- currently: 7 minutes per channel (just the fits maps)

Levin et al. (2001)
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Measured TA
Measured TA – (Planet & C&GB)
(i.e. inferred synchrotron input)

Spinmap overshoot

INPUT FOR SYNCHROTRON MODEL UPDATE

Planet (scale 0K->4500K)  C&GB (scale 0K->50K)

This circumstance demands an iterative 
(atmosphere <-> synchrotron) update process
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COLD SKY CORRECTION
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Using a Savitzky-Golay smoothing filter



LOS MODEL PREDICTION
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SPINMAP DECOMPOSITION
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PJ1: MEASURED TA
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UPDATED LINEAR COEFFICIENTS VIA BOUNDED 
REGRESSION (on the set TA > 1000K)

EGU General Assembly, Vienna, 2022



• Max error 0.198% for the whole map
• Histogram shows most points have negligible errors.
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𝑀! Observed TA 𝑀" Modeled TA

𝑀" = ∑#$%& [𝑎#𝑀#
' + 𝑏# 𝑀#

(] -> find [𝑎# , 𝑏# ] such that min | 𝑀!- 𝑀" |is 
achieved, given the priors from Earth POV

New model will be 𝐴# = 𝑎# 𝐴#)*!+ & 𝐵# = 𝑏# 𝐵#)*!+ , k =1,8 from PJ1. 

Then, apply the procedure for the rest of the channels, then test on PJ3 and 
up, and repeat when necessary.

REGRESSION ON THE LINEAR COEFFICIENTS 
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CONCLUSIONS AND FUTURE WORK
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• In order to perform valid atmospheric composition retrievals using the planet’s
observed thermal signatures, it is necessary to separate as robustly as possible
the contributions from the two emission sources, i.e. the planet and the
synchrotron radiation belts.

• The numerical separation requires multiple refinements, based on the in-situ
data, of an empirical model for the synchrotron emission, namely the multi-
parameter, multi-zonal model of Levin at al. (2001).

• This model employs a parametrized electron density distribution, which prior to
the Juno mission, has been adjusted from VLA observations.

• In progress: further tuning the linear parameters using all channels and then
updating the exponential parameters


