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Abstract

The scope of the work is to present an independent
solution of Jupiter’s gravity field from Juno data, ob-
tained with the orbit determination software ORBIT14
developed at the University of Pisa. The estimated
gravity field is compared with the latest field available
[3], obtained using the Jet Propulsion Laboratory soft-
ware MONTE. The two solutions turned out to be fully
consistent.

1. Introduction
The gravity experiment of NASA’s Juno mission is
aimed at determining Jupiter’s gravitational field, a
key element for the exploration of the giant planet’s
interior structure. A Ka-band Translator onboard the
spacecraft allows a Ka-band radio link both in uplink
and in downlink, ensuring very precise measurements
of the orbiter’s radial velocity (∼ 3 µm/s at 1000 s
integration time).

The latest estimation of Jupiter’s gravity field [3]
was obtained processing data from two Juno’s grav-
ity orbits, namely PJ3 and PJ6, providing an improve-
ment up to a factor 50 with respect to previous gravity
field solutions obtained with the Voyager and Galileo
missions. Such analysis was undertaken using the Jet
Propulsion Laboratory software MONTE.

In this poster we present a solution of Jupiter’s grav-
itational field obtained analyzing the same data from
PJ3 and PJ6, but using a different software, the code
ORBIT14 developed at the University of Pisa. Some
mathematical models implemented in ORBIT14 are
substantially different from MONTE’s, making the
two analyses independent one from another. Since the
gravity fields estimated with the two programs turned
out being fully consistent, the present solution indeed
confirms the results about Jupiter’s interior structure
described in [4] and [2], based on [3].

2. The software ORBIT14

The orbit determination software ORBIT14 was de-
signed specifically for the data analysis of the radio
science experiment of ESA/JAXA’s BepiColombo and
NASA’s Juno missions.

The main differences from the Jet Propulsion Lab-
oratory software MONTE are in the relativistic ap-
proach for orbit propagation and in the formulation of
the observable. As regards the former, ORBIT14 im-
plements a multi-chart approach [1], considering dif-
ferent relativistic frames for different bodies, instead
of a single chart for all Solar System bodies. The
Doppler observable implemented in ORBIT14 differs
from MONTE’s by a change of variables and it is nu-
merically calculated using a 7-node gaussian quadra-
ture formula.

3. Dynamical models

Jupiter’s gravitational potential is expressed in a
Jupiter-fixed reference frame in terms of spherical har-
monics [5]:
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(1)
where GM is Jupiter’s gravitational parameter, R
is Jupiter’s equatorial radius, r is the distance from
Jupiter’s center of mass, Y`mi, i = 0, 1 are the spher-
ical harmonic functions, depending on the longitude
and latitude, and C`m, S`m are the spherical harmonic
coefficients. The zonal coefficients are J` = −C`0.

A complete and detailed description of the dynami-
cal models for the Juno spacecraft and the Barycenter
of the Jovian System can be found [6].
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4. Experiment setup
The setup that we adopted is the same used in [3],
in order to be able to compare the results. We ana-
lyzed both Doppler and range data from the two grav-
ity orbits known as PJ3 and PJ6. The list of the es-
timated parameter is: Jupiter’s zonal harmonic coeffi-
cients J2, . . . , J24, the quadrupole C21, S21, C22, S22,
the pole angles α0, δ0 at epoch J2000, the pole rate
α̇, δ̇, the Love number k22, the gravitational parame-
ter GM , Jupiter System Barycenter’s initial state, the
spacecraft state for each PJ, one range bias for each PJ.

5. Results
Zonal coefficients of degree ` > 12 had signal-to-
noise ratio less than 1, therefore we report only a com-
parison of the zonal coefficients J2, . . . , J12 (Fig. 1).
About 80% of the estimated parameters turned out dif-
fering by less than the formal uncertainty (1σ), the oth-
ers differing by less than 2σ. The formal uncertainties
estimated by ORBIT14 were consistently larger than
MONTE’s, generally differing by less than 10%, only
in a few cases up to ∼ 25%.
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Figure 1: Comparison of Jupiter’s gravity field solu-
tions from MONTE [3] and ORBIT14. The first solu-
tion is taken as a reference and the second obe is rep-
resented as difference from the reference. Error bars
are three times the formal uncertainty.

6. Summary and Conclusions
We have presented a solution of Jupiter’s gravitational
field, obtained by analyzing Doppler and range data

from Juno’s gravity orbits PJ3 and PJ6 using the Uni-
versity of Pisa software ORBIT14.

The result was consistent with the solution pub-
lished in [3], where the Jet Propulsion Laboratory
software MONTE was employed. The difference be-
tween the estimated spherical harmonic coefficients
values was smaller than the formal uncertainty in most
cases, two times the formal uncertainty in the remain-
ing ones.

In conclusion, the ORBIT14 independent solution
of Jupiter’s gravity field confirms all the discoveries
about Jupiter interiors based on [3] and described in
[4] and [2].
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