Stellar orbits
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Outlines

Orbits in planar non-axisymmetric potential

- Surface of sections

- energy dependency

- flattening dependency
- Integrals of motions

Orbits in planar non-axisymmetric rotating potential

- The Jacobi integral

- Lagrange points

- Orbits around Lagrange points

- Orbits not confined to Lagrange points



Stellar Orbits

Orbits
In planar non-axisymmetric
potentials
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Surfaces of section (in planar potentials)

Can we visualize the phase phase and check if an
additional integral of motion exists ?

Idea :

We study the orbits in the plane z=0

e 4-D 4 indep. variables (z,9,2,9)

« Energy FE .
L 3D 3indep. variables  (%: Y, &)

* Drawing a 3-D phase space is still not easy. Instead, we draw slices of the phase
space. We plot only phase space points that:

» crossthe y =0 plane
* have y >0 Surface of section
consequents or Poincaré maps

Y T
x‘, N\
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Surfaces of section (in planar potentials)

* A point in the surface of section éfor agiven F) defines an orbit as
the three independent variables (z, Z,y = 0) are defined.

* Even if orbits have the same energy, they will never intersect in the plane.

« Zero velocity curve : curve defined by y =0

1 1
E:§:b2—|—5192—|—<1>(a:,y:0) = &< +2[FE - ®(x,y =0)]
i(x) = £/2[E — ®(z,y = 0)] defines the accessible region of the

phase space
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Bar model : Logarithmic potential:
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Potential and energy
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The flattening — frequency dependency
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The flattening — frequency dependency
qg = 0.25
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The flattening — frequency dependency
g =0.9
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The flattening — frequency dependency
g = 0.62388462341
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“Complete” phase space
g = 0.9
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small x, Y-elongated orbits (box orbit)
g =0.9
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large x, X-elongated orbits (box orbit)
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INnCreasing enerqgy .
perturbed harmonic oscillator
(coupling terms)
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Increasing energy :
perturbed harmonic oscillator
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small x, Y-elongated orbits (box orbit)
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large x, X-elongated orbits (box orbit)

0100 — 0.020
0.075 — 0.015 —
os0 — (0 —
(025 — s —
{ T —
5 {.000 = {.000 —
0025 —
0005 —
—(.050 —
0010 —
— {075 —
—0.015 —
0100 —
[ [ [ [ [ [ | — 0020 | | |
0015 _0.010 0005 0,000 0,005 0.010 0.015
0015 001 0.008 Ny ! ! 002 0.0l 0.00 0.01 0.0

X

./mapping.py --VO 1. --Rc 0.14 --q 0.9 -E -1.96 --x 0.0154 --nlaps 10



R > R,



Hokiows for R » Re ‘

A 1 2 5
- 2V (R x =
‘;‘b(x"ﬁ) = 9 ( c ¥ M q? )
P oA w e E ) e AE e (RY)
2 9° .. 2
Ovb: [-aw."t'es
@ box C)'l"lb-'l"s (Ol{sl-ur‘;go,l 2D harnen.c C:Sc..‘“DJ'W)
v
y + -
/ : U‘:} = O
o Vg zo rod ol QH‘L.)-'-L(L%:C:)
@ ]mfa nrlalLS j l?
V W/ = Vo i
+ e U'j = Wy i circolor ovbhik
A



Potential and energy
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g=1.0

Phase space

g = 0.9
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Box orbits
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Box orbits
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Box orbits
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Loop orbits
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Loop orbits
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Loop orbits
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Loop orbits
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Integral of motions ?



0.0

—0.5

-1

—1.8

./mapping.py --VO 1. --Rc 0.14 --q 0.9
./mapping.py --VO 1. --Rc 0.14 --q 1.0

Integral of motions ?
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Family decoupling

from low ener to high energy
1 family 2 famillies
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Evolution with the flattening

keeping the energy fixed
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q — O 7 Box orbits dominate the
’ phase space !
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Conclusions

Many 2D bared potential have orbital structures like the logarithmic potential:
* Most orbits respect a 2" integral ( L. or H, )

e 2 types of orbits:

* Loop: - fixed sense of rotation
- hever reach the centre

e Box: - no fixed sense of rotation
- many reach the centre

Loop orbits dominate when the axis ratio of of the potential is nearly unity.
Box orbits dominate instead.
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Orbits
In planar non-axisymmetric
rotating potentials
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Stellar Orbits

Orbits not confined to
Lagrange points
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Low energy orbits
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Potential and energy
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Bifurcation : apparition of x2 (stabe)/x3 (unstable) orbits
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X1 : prograde x4 : retrograde
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Increasing the energy
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Bifurcation

Xx2/x3 disappeared
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Chaotic orbits



Chaotic orbits
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A0tic orbits
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Evolution of the x1 orbit with increasing
energy
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The X-orbit families
(characteristics curves)

Yo

distance at which the orbits crosses the y axis

Figure 3.18 A plot of the Jacobi constant Ej of closed orbits in ®;(q = 0.8, Rc =
0.03, €2, = 1) against the value of y at which the orbit cuts the potential’s short axis. The
dotted curve shows the relation ®.g(0,y) = F3. The families of orbits x1—x4 are marked.



The End
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