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References                                 n1/n1 n2/n2 n3/n3

de Sitter (1928)                       3.3+/-0.5           2.7+/-0.7           1.5+/-0.6
Lieske (1987)                     -0.074+/-0.087  -0.082+/-0.097  -0.098+/-0.153
Vasundhara et al. (1996)       2.46+/-0.73     -1.27+/-0.84      -0.022+/-1.07
Aksnes & Franklin (2001)        3.6+/-1.0

. .. Units in 
10-10yr-1

Acceleration or deceleration?

The Galilean satellites: the tidal acceleration in question

Estimations of tides in the Galilean system: XXth century
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Integration of the variational system is much more tricky and computing time consuming 
than equations of motion.

Integration of equations of motion

Simultaneously with the variationnal equations

Introducing N-body code and fitting to astrometry data

+ GR

?

One step forward…

observations

Numerical solution
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(Lainey et al. 2004)

Internal precision of Sampson-Lieske’s theory over 1 century: 

à few hundreds of kilometers on the longitudes!
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Obtained independently by Avdyushev 2004
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Sampson 1921

• The four Galilean moons

• Jupiter with its J2 and J4

• Jupiter’s precession

• The Sun

Lainey (NOE-5-2010-GAL)

• The four Galilean moons with their J2 and c22

• Jupiter with its J2,J3, J4, J6,c22,s22
• Jupiter’s precession

• The Sun and Saturn

• Tides inside Io and Jupiter (constant k2/Q)

Lieske 1970s/1998

Same as Sampson but corrected for:

Calculus error, De Haerdtl inequality, extra 
solar terms, Laplace resonance libration, 

Jacobson (JUP310)

• The four Galilean moons and Amalthea

• Jupiter with its J2,J4,J6
• Jupiter’s precession

• The Sun (inner planets in Solar mass), 
Saturn, Uranus, Neptune

Evolution of physical modeling
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a,  e
satellite

planet

Moon’s k2/Q

Secular acceleration on 
the mean motion

planet
satellite

a,  e

Jovian k2/Q

Secular deceleration on 
the mean motion

Implication of tidal dissipation on orbital motion

Competition between tidal dissipation effects
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Pierre-Simon de Laplace
1749-1827

A matter of dynamics…

The Laplace resonance is dynamically stable

The three moons share their orbital energy and angular momentum

IMPORTANT: 
Any perturbation affecting one of the moons will affect immediately the two others!

n1-2n2=ν
n2-2n3=ν
n1-3n2+2n3=0

< L1-3L2+2L3 > = 180°

Implication of tidal dissipation on orbital motion
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Fit of Io’s tidal dissipation provides k2/Q =0.015 ± 0.003 (Lainey et al. 2009)

One can compare our value with the ones derived from IR emission

Lainey et al. (2009) obtained a very good agreement and confirmed the values derived 
from heat flux observations.

Those values were confirmed recently by Park et al. (2025)
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Io’s volcanism and tides

The orbital energy reservoir of the whole system involved in the Laplace resonance is

E = -2.672 x 1031 J

The orbital energy loss from Io’s internal tide activity is

There is enough energy in the orbits to still power Io’s volcanism over about 9Byr

Lainey et al. (2009)



XXIst century: a new problem arises

Equilibrium Tides:

• Viscoelastic deformation of core (Dermott 
1979,  Remus et al. 2015)

• Convective viscosity in envelope
      (Terquem (2024))

Dynamical Tides:
• G-modes in stably stratified layers (Morales 

et al. 2009, Fuller et al. 2016)

• Inertial waves in convective envelope 
(Ogilvie & Lin 2007, Guenel et al. 2014)

Sensitivity to tidal frequency

Q( Χ ) ?

NB: Most (all?) dynamical studies of the Galilean system assume a constant Jovian k2/Q

What physical mechanism triggers tides in giant planets ?
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Our comprehension of the Galilean system is going to radically 
improve in the coming decade

Conclusion

Juice/ESA

Juno/NASA

Europa Clipper / NASA
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