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Motivation Summary
* Ganymede has a subsurface ocean as supported by several evidences including Conclusion
magnetic measurements from Galileo and Juno?, and auroral observations from the Flow

* Tides can excite resonant internal inertial waves within the ocean.

* Hitting aresonance can amplify the response enough to make the flow turbulent.

 Westward obliquity tide excite a resonant Rossby mode. Other tides can hit a resonance
depending on the ocean geometry.

Signatures

* Signatures of eccentricity tides appear too small to be detected by Juice.

* Both magnetic and gravitational sighatures of the westward obliquity tide exceed the
resolution of Juice’s instruments for a certain range of parameters.

* Although the intensity of the signals are above the resolution of the instruments,
separation from ambient gravity and magnetic fields remains challenging.

Characterization

 Successful detection can give additional constraints on ocean depth, ice shell
thickness, ocean conductivity and effective viscosity.

Hubble Space Telescope®.
* Jupiter’s tides can drive periodic flows within the ocean.

 Tidal flows can induce signals which are in principle observable. On Earth, satellites can
measure the magnetic signature of ocean tidal flows€.

* Juiceis onits way to Ganymede ! The low-altitude orbital phases of the mission (GCO500
and GC0200)%¢ could make it possible to detect very weak signals.

 Detection of tidal flows sighatures can lead to a better understanding of Ganymede’s
ocean dynamics and to additional constraints on the moon’s interior.

Questlon Future studies

To overcome the main limitations of the present work, future studies should:

* Include nonlinearities and a better handling of turbulence.

* Dynamically couple the ocean flow with the elasto-gravitational deformation of the moon
in a geometry that is not perfectly spherical.

* Explore the coupling with other forcing mechanisms such as convection.

Can Juice detect the sighatures in magnetic and gravity fields induced
by Jupiter’s eccentricity and obliquity tides, and how could such
detections improve constraints on Ganymede’s interior ?
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Method
[ Deformation ] [ Tidal flow ] [ Signatures ]
Step 1. Jupiter’s tides deform Ganymede Step 2. The periodic deformation drives the flow Step 3. The tidal flow induce signals in gravity and magnetic fields
. Method: we solve the classical elasto-gravitational equations’ to compute degree | © Method: we solve the linearized Navier-Stokes equations in the ocean by imposing [ 1) Magnetic field
2 static tidal Love humbers. the displacement at the interface computed in Step 1 as radial boundary forcing. « Motion of a conductive ocean (s € [0.1 — 5] S/m)in a
. Model and Assumptions: 5 * Model and Assumptions: background magnetic field induce a secondary
cean ° 1 . .
. 5-layer interior model of Ganymede. fD Perfectly spherical shell model of the ocean. ‘ - S magnetic field.
* Homogeneous, non-rotating, and incompressible * Newtonian, homogeneous, rotating and T 2eXu=Vp T " * Linearized induction equation with insulating BC
layers Rocky incompressible fluid. u(r =R) =1iQ {tiges
' mantle . — 21014 iob = Vx(uxB,) + Em Vb
* Perfectly elastic solid layers and inviscid liquid IV!oleCL]lar.Ekman number Ek = v/QR*~107" . \ k Ganymede’s intrinsic dipolar field
layers Metallic * Linearization: Rossby number Ro = U/QR « 1. with Em = 1/uy0QR? B Uy B, Y98
) ° i i i . . . . — XVX |l— ) r
. Output : Radial deformation at the o core Numerical implementation:  Extrapolation towards Juice GC0200 altitude. 0 2r2 1 2 ]
. & =hy— * Spectral solver : Kore. 2) Gravity field
top of the ocean Jo avity fie
* Orders m are decoupled (m = 0,1,2). Global elasto-gravitati Ldef i S
i _ i _ * Numerically accessible Ekman number up to * obal elasto-gravitational deforma |9ns ;ravity potentia
Ecce"tr'c'lty (m = 0) Eccentricity (m = 2) Ek = 1010 due to pressure field variations associated
. Aspect atio n=(R—D)/R € [0.8— 0.99] with tidal flows at the ice-ocean interface.
- o . Tidal flow: * Pressure Love numbers!
 Tides can excite linear internal inertial modesé™". com.put.ed from thg elast(?- oF = _ ﬁp -
! * Inertial modes have frequencies w € [-2Q — 2Q]. gravitational equations with fm pom = >
$(E/W)= 1.3m 3.8m/0.5m * Characterized by intense shear layers. the 5-layer Ganymede model.
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Results and Discussion
Eccentricity tides Obliquity tide
@ 1o* ; ; o 1. Frequency spectrum of the response @ 10° 1 Ek 1. Frequency spectrum of the response
o~ 100, m=2 i i 183 e m = 2 forcing (m = 0 not shown but equivalent). > 10-1 i 18:? * m = 1forcing
> i i 1o  Spiky due to inertial modes excitation. 3 1 — 10°®  Spiky due to inertial modes excitation.
§ 10-1 i | — 107 » Eccentricity tides at diurnal frequency (w = + Q). ‘107 T | —— * Large resonance at w = {): spin-over mode
z i i 2. Spectrum of the prograde eccentricity tide I | | * Spin-over mode: Anologous to the purely toroidal
< 10-2 i / i * Inertial modes excitation if the aspect ratio is ¥ 1 | 3 Rossby-Haurwitz mode of degree and order 1.
E i | i resonant. g 107 | 1 /\ ! * The westward obliquity tide excite the spin-over
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i i Frequency w/Q i i * Ifthe amplification is sufficient, the flow may Frequency w/Q response is dominated by Ekman layers (whose
become turbulent. We compute the Reynolds thickness scales as Ek1/? ). Consequently, the
number and extrapolate towards molecular Ek to Re — Ro Ek-1/2 Reynolds number scales as Ek ™1
assess the fluid regime (chosen critical value : 103). @ €=ro e Extrapolation towards molecular Ek show that the

B o v flow becomes turbulent
@ Lot Prograde m = 2 eccentricity tide @ ( \ - 3 s
107_
Bk| The flow becomes turbulent . - Slgnatures , , ,
10 — : . : — T  Signatures associated with the spin-over are of low-degree

& 10-7 * Linearity assumption breaks ol 10°1 N . : :

o 108 © o2 N Re * The gravity signal is mainly of degree 2.
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5 Re = Ro Ek'1/2 Q effective viscosity £ S . . . “1/2 .

2 , E e EKeff ¢ [10-4 . 10-10] o 2 10 S g  The intensity of the signals scales as Ek , just like Ro.
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Z 0 Lo - 18: 105 ] * Dependence of the signals intensity to Ganymede’s physical
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* Both magnetic and gravity signals remain below the
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resolution of Juice’s instruments . *-]EkH D0 perfectly spherical
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