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Tidal potential

Darwin (1879), Love (1911), Kaula (1964)
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equations of motion (orbit)
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equations of motion (orbit)
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vectorial approach

Correia & Valente (2022)



vectorial approach

L~Cw=Cws.

\/ﬁ?

Ak

G =B pa(l —e2)k

q

é

me

cos@w  cosfsinw —sinfsinw p
—sinw cosbcos w

sin @

—sinf cos w
cos 6@

Orp

kxs

sin@

q=sXxXp

P B

Correia & Valente (2022)



vectorial approach
(quadrupole order)
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equations of motion (orbit)

Ur) =myAV(r)

3 . 1 . 1
U(r) = 29:20 [(122 — 111)(16% — g) + (33 — 111)(x32 — g)

+ 2(112551)22 + 113X X3 + 123)’52)23)].

r=r/r = (X1, X2, X3) (P, q,S)
tidal force: " F
F=-VU() =F +F; AT
r

15 [n —1 1 I3 — 111 ,. A A P DA

F| = imo[ = > ! (fcg— §)+ 33 > ! (x32— §)+112x1x2+113x1x3+123X2x3f]1:j
3 R n

Fr =— izm[(lzz—111)X2Q+(133—1|1)x38

+ 11X q+ X2p) + [13(X1 s+ X3p) + I3(X2 8+ X3 Q)]-




eguations of motion
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eguations of motion
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tidal deformation
(time comaimn)
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tidal potential (Love 1911):
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tidal deformation
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tidal potential (Love 1911):
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tidal deformation
(frequency cdomaimn)
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constant time-lag:
(linear model)

Maxwell model:

Andrade model:

tidal models
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Freguency Domain
T(w) = k2(w) Zp(w)
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Freguency Domain
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Freguency Domain
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Freguency Domain
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Frequency Domain
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time domain

Complete model (captures the entire dynamics);

Able to handle chaotic and transient events;

Only feasible for simple tidal models (e.g., linear, Maxwell);
Slow evolution (though same time-scale of n-body codes).

frequency domain

Works for any rheological model;

Fast evolution (suitable for Gyr time-scales);
Secular model (misses fast perturbations);
We need to truncate series in eccentricity;
Only applies to periodic perturbations.



direct equations of motion
(time-domaimn)
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Tidymess N-body code
(Boekholt & Correia 2023)
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tldymess
https:/lgithub.com/tidymess-code
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boekholt tidymess.cpp .. 2843ca6 on Mar 31 @ 2 commits Systems
9 examples first commit 4 months ago
9 integrator tidymess.cpp 4 months ago

README.md first commit 4 months ago
0O
[N makefile first commit @ N-bOdy COde; 4 months ago
B tidymess.ic first commit : gnonths ago A

e Creep tidal modef;
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constant (symplectic), adaptive, weighted, and symmetrized time-steps
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Earth-Moon early evolution
(time-domaimn)
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Eccentricity
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Earth-Moon early evolution

(time-domaimn)

Tidymess N-body code
(creep non-linear model)




planet-planet scattering
(time-domaimn)
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hot-Jupiter formation
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Conclusions

e Tidal deformation and consequent dissipation result in spin
and orbital evolution of planetary and stellar systems. We
have revisited the tidal problem with different approaches.

e We compute the instantaneous deformation of extended
bodies using a differential equation for the inertia tensor.
This method can take into account a wide class of
perturbations, including chaotic motion and transient events.

e We derive the equations of motion in a vectorial formalism,
which is frame independent and valid for any rheological
model. The vector basis depends only on the unit vectors of
the spin and orbital angular momenta, which are easy to
obtain and independent of the chosen frame.
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