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Introduction: One of the main science objectives of the 
Juno mission is to study the Jovian polar magnetosphere 
using a combination of science instruments with sensi-
tivity to electrons and ions up to 1 MeV. This is mainly 
achieved using the particle instruments onboard. While 
these particle instruments are working fine and deliver-
ing excellent science data, they are often susceptible to 
penetrating radiation that causes background noise.  

We use the background data from the Ultraviolet 
Spectrograph (UVS), the Jupiter Energetic-particle De-
tector Instrument (JEDI), and the Jovian Auroral Distri-
butions Experiment (JADE) onboard Juno to study the 
dynamics of the energetic electrons above 1 MeV. For 
example, initial simulations and analyses indicate that 
the background anode of JADE-E is sensitive only to 
>2-3 MeV of electrons. It has also been determined that 
“Bar Code” events in the UVS data are a signature of 
~10 MeV electrons [1]. Mauk et al. [2] have developed 
a procedure for correcting the JEDI-measured electron 
spectra contaminated with high energy foreground elec-
trons that penetrate the detector. Using this procedure, 
one can extract information about the ambient >1 MeV 
electron environment.  

Characterization of energetic electrons above 1 
MeV can enable a study of energetic electron dynamics 
and structure as a function of latitude and L-shell and 
help evaluate different theories for loss and acceleration 
mechanisms of energetic electrons in the high latitude 
region where particle trapping is not as strong as in the 
equatorial region. It is also a critical step in reducing un-
certainties in the Jovian radiation models, assisting in 
the understanding Juno data, and in impacting the de-
sign of future missions to Jupiter. Initial simulation and 
analysis show correlation between the high energy elec-
trons and background data from the Juno scientific in-
struments. Preliminary results of the noise data analysis 
are also compared with the Galileo Interim Radiation 
Electron (GIRE3) model [3,4]. 

In this paper, we present the results from the Juno 
PJ1 orbit (especially, Day 240 in 2016) to illustrate ap-
proaches of our analysis method. Once we demonstrate 
that the methods are working, the results can be ex-
tended to later mission periods and thus provide a 
wealth of the data that can be used to extend our 

knowledge of the high latitude/high energy electron en-
vironment at Jupiter. Note that we are not attempting to 
extrapolate (or trace) the high latitude environment to 
the equatorial region in this study (this will be done in 
subsequent studies). 
 
GIRE3: GIRE3 is the JPL reference radiation model at 
Jupiter that is used for mission planning and radiation 
design for all Jovian missions. It is primarily based on 
data from the Galileo Energetic Particle Detector (EPD) 
as augmented by data from the Pioneer and Voyager fly-
bys at Jupiter and by ground-based measurements of 
synchrotron radiation. [3,4] 
 
Simulation and Analysis: At this time, our simulation 
is focused on analyzing the JADE instrument using the 
Geant4 radiation transport tool and the shielding thick-
ness map provided in [5] to understand its anode’s re-
sponse to incident high energy electrons. This resulted 
in a so-called geometric factor (Fig. 1) which is a key 
parameter that converts count rates to fluxes (or inten-
sity) or vice-versa. For the UVS, we adopted directly 
from [1] that the UVS background noise (bar code-like 
contamination in the UVS images) represents the >10 
MeV electron environment. For JEDI, we are currently 
performing Monte Carlo simulations using the full CAD 
geometry. In the meantime, we implemented the Mauk 
et al.’s algorithm [2] and demonstrated that the >1 MeV 
electron environment can be extracted from the mini-
mum ionization peak (MIP) in the measure spectrum. 
 

 
Figure 1. Geometric factor for the JADE-E anode as a 
function of incident electron energy. 
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Results: First, we converted the GIRE3 predicted dif-
ferential fluxes to the estimated count rate based on the 
following expression [6]: 
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The estimated count rates were then compared to the 
JADE-E background anode measured count rates (Fig.  
2).  
 

 
Figure 2. (Bottom) Radial distance and latitude of the 
Juno spacecraft as a function of time for Day 240, 2016. 
L-values were computed using a tilted dipole field 
model. (Top) Comparison between the GIRE3 esti-
mated count rates and the JADE-E background anode 
measured count rates. 

 
Second, Fig. 3 shows a comparison between the 

JEDI 0.75 MeV differential electron flux and the GIRE3 
model output. We used the JEDI 0.75 MeV electron 
channel as it was more stable than the 1 MeV channel  
as the larger energy window of the 1 MeV channel 
makes its rate more prone to fluctuation. The agreement 
between JEDI and GIRE3 are good until about 12:20 
when Juno flies inward of Io. Also shown in the figure 
is a trend of the raw count rate in UVS [7] to the GIRE3 
output with arbitrary scaling. 

Finally, we implemented an algorithm developed in 
[2] to extract the ambient electron environment from the 
observed spectrum with an MIP. In an example shown 
in Fig. 4, the curve named “JEDI-270 Data” is the ob-
served spectrum showing an MIP bump and the curve 
names “Fit” is the fitted spectrum by using the formal-
ism defined in [2] with the input spectrum denoted by 
the thick green line in the figure. It is this input spectrum 
that we want to extract from the observed JEDI spec-
trum with bumps from the fitting process. 
 
Summary and Future Work: We successfully demon-
strated that we can extract high energy (>1 MeV) elec-
tron environments from three scientific instruments 
onboard Juno: JADE, JEDI, and UVS. While in general 
there seems to be good agreement between the GIRE 
model output and the Juno observations, definitely there 
are areas for improvement (e.g., extension of spatial 

coverage to higher latitude, reconciliation of some dis-
crepancies observed between GIRE3 and measure-
ments). Also, our methods of extracting the high energy 
electron environment from the noise background can be 
greatly improved by using detailed Monte Carlo simu-
lations of the instrument geometry to better understand 
the geometric factors for each instrument. 
 

 
Figure 3. (Bottom) Same as Figure 2.  (Middle) Com-
parison between the GIRE3 fluxes at 1 and 10 MeV and 
the UVS background (arbitrary scaling). (Top) Com-
parison between the GIRE3 fluxes at 0.75 and 1 MeV 
and the JEDI 0.75 MeV channel. 

 

 
Figure 4. Illustration of how the JEDI data with a bump 
can be fit. See the text for details. 
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