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JUPITER

System
Equatorial Radius (R)) -
71,492 km 7

e Distance from Sun — 5
Fifth planet

* Gaseous Giant
Image from NASA

* Over 70 moons



Molecular hydrogen

(helium depleted) Helium rain layer
* Core | 7
solid: heavy metals (0.2 f ‘, T
possibly dilute (0.2R,—22) » = = DY i il
A o envelope droplets

* Envelopes
liguid metallic H + He (??

M68wRJ:' i

transition layer: H-He phase separated layer B Dissouuonan i
(O 68 0 84 RJ) &&‘ 3 q Dense rocky core

gaseous molecular H + He (0.84-1R))

Wahl et al. 2017



Dynamo action due to convection of
an electrically conductive fluid in
rotating deep planetary envelops

e But at what depth ??
* How does it change with time ?7?



MAGNETIC FIELD OF UPITER
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without magnetometers-

Cassini (2000)

New Horizons (2007)
Images from NASA and ESA
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Images from NASA



JUNO

- Elliptical orbit (~53 days)

Bolton et al. 2017
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|mage from NASA

Periapsis:
~2600 km near equator

Precesses one degree
northward in periapsis
after every orbit.

Apoapsis:
> 100 Jupiter radius

Mission extended to 75
orbits
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SPHERICAL HARMONIC (SH) MODEL

JUNO DATA- @6 = METHOD-

* SH main field (n=16) and SV (n=8)

* Least-square inversion

* Polar orbit

* 1 second data
>2:R) * Instrument error as weights

* First 28 perijoves (w/o 219) | e Secular variation (SV) using B-

» Data span — Aug ‘16 to }uly Splines

e 628 828 vector data * Synthetic tests on CHAOS-7.8
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POWER SPECTRA AESURFACE

Units —

Main field - (nT)?

Power Spectra

SV - (nT/year)?

6 8 10 12 14 16 18 20
Spherical Harmonic Degree (n)



DYNAMO RADIUS =
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(a) White noise hypothesisgs

Power Spectrum (nT?)
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(c) Quadrupole terms (n + m even)

Spherical Harmonic Degree (n
Blue for Earth (CHAOS model) and Red for Jupiter (this model)



INTERIOR STRUCTURE

R, =0.831+0.021 R,

Rqr = 0.829 £ 0.024 R,

R, =0.830 % 0.022 R,

Maximum zonal
wind penetration

DYNAMO RADIUS
Ry =0.830 £ 0.022 R,

{ Probable dilute core

Dense core



CORRELATION TIMES=

Or, SV timescales 5

non-dipole terms
inversely proportional to degree
(Christensen and Tilgner 2004)

VR

agnetic induction scaling laws-

-1 : SV driven by advection
-2 : SV driven by diffusion
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Slope =-1.12 +£0.21
Advection

2
Spherical Harmonic Degree (n)
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RADIAL FIELD AND HS.SV AT SURFACE
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Two prominent features —
* large positive field in northern hemisphere
* intense negative field near equator — Great Blue Spot



RADIAL FIELD ANDATSSV AT R,(0.83 R)

af

7200000 -5400000 -3600000 -1800000 1800000 3600000 5400000

W7 e

Wi N\
R RS T

AN EENGrY. ¥ J00)
= T

30

Two prominent features — Corresponding to —
* large positive field in northern hemisphere e weak eastward drift + field aligned flow
* intense negative field near equator — Great Blue Spot e eastward drift — zonal winds



SECULAR VARIATI
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Figure at R, (0.83 R))

Strength ~ 10% nT/year

Variation ~ 2.3% over 4
years

Zonal and non-zonal
features

Advection driven
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COMPARISON WITH-THE GEODYNAMO

* Dynamo dipolarity -
. . 8 -1200000 -900000 -600000 -300000 0 300000 600000 900000 1200000
similar B, T

45°

Axial dipole radial field at R;;(0.83 R))



COMPARISON WITH THE GEODYNAMO

-4500000 -3000000 —-1500000 1500000 3000000 4500000

* Dynamo dipolarity -
similar

* Zonality of non-dipole
field comparable (zonal
preference)

Non axial dipole radial field at R(0.83 R))



Zonal as well as non- ZOI’I&
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Juno extended mission + JUICE mission.

If yes, below 0.830 R,

Flow patterns at R






