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Chaotic saddle and its manifolds in the Hénon - Heiles system

AGUIRRE, VALLEJO, AND SANJUAN PHYSICAL REVIEW E 64 066208
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FIG. 4. Exit basin diagram with 1000X 1000
initial conditions (x.y) and E=0.25. The initial
~ 0.1 conditions are plotted black if the orbit escapes
: through exit 1. dark gray for exit 2. and pale gray
for exit 3. The Lyapunov orbits are remarked with
aIrows.

-0.45

LO2 LO3

LO1 1
ew{

| FIG. 6. Stable manifold. unstable manifold.

a VY5 \ and strange saddle for £=10.25. The iitial con-
ditions are (x.y) and tangential shooting. with a
t ' fine grid of 20002000 dots. The arrows show

" *‘&ﬁ - the three Lyapunov Orbits (LO1. LO2. and LO3).
LOJ

0 1.2

18



AVVOUIKT TOALOTTAOTI|TOV GT1 OLUGTN LK) TTI|ON

(BA. Gomez et al 1995, Gomez & Barrabes 2010)

-Genesis Spacecraft
- Super Highway to Earth

|‘II
i
/

ANTIEUN
SRC RELEASE

Gonosis
Spacecraft
Déployed

The complicated Genesis mission trajectory was the first

one completely designed using Space Manifold Dynamics
(Credit: NASA/JPL-Caltech )
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Opuwo ™6 Kivnong oto Kvkiiko Iepropiouévo
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Opuwo ¢ Kivnong oto Kvkiako Ileproprouévo
Hpopfinquo Tprov Xopatoyv
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H owdomon ¢ amootoing “Hiten” (MUSES-B, Belbruno and Miller 1993)
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Koon et al 2001: oyeoraopnog Tpoyras mov aSlomoiel Tig
ETEPOKMVIKES GUVOEGELS TOV TPOYLOV Lyapunov
oto KIIII3X I'nc - Hhmog kon I'm - Xednfqvn

.'l".'ln"?"#._

{aiacwrs' Ballistic
Moon's orbit - capture

-

L1

A \

Fy !
£

Moon's
orbit

E th e 7 %
L - {
Sun " e
- \

‘\\

}

\

Ballistic
capture

(a) (b}

(c)

Figure 1. (a) Hohmann transfer. (b) Low energy transfer trajectory in the geocentric inertial frame.

(c) Same trajectory in the Sun—Earth rotating frame.
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Figure 2. (a) Two legs of a Hiten-like trajectory in the Sun—Earth rotating frame. (b) The interaction
of invariant manifold tubes of the Sun—Earth and the Earth-Moon systems permits a fuel efficient

Earth-to-Moon transfer with the perturbation of the Sun.
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Voglis, C.E. and Tsoutsis, 2006, Romero-Gomez et al. 2006, 2007,
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X00TIKEG OTTELPES

Xreipes "kavovikov oynuatog”
(grand design) oynuotiCOUEVEC
OTTO YOOTIKEC TPOYLES KOTO UNKOG
AVOAALOIOTOV TOAAATAOTITOV (1)
"Aaykpoavilov®dV GUVEKTIKMOV

ooumVv" 610 0EPLo)
(@)

Density wave theory

Source:

http://beltoforion.de/article.php?

a=spiral galaxy renderer
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2 €01 NE TOPATNPOVUEVES NOPPOLOYLES

Aaxtorioln kot I'épupec?
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Martinez-Garcia
et al. 2012
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Manifold-driven spirals and secular evolution in barred galaxies 25

t= 1950

Efthymiopoulos,
Kyziropoulos,
Paez,

Zouloumi &
Gravvanis

(MNRAS 2018)
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Koopohoyio: IToAMPoOiKG pedNOTO 00 TNV Kivo1 YOAIELQV - VEVEOV NEGA
o1 "okotewvn)" alom Tov I'ololia

" Leading tidal
debris oy

Milky Way disk :
ks : - Direction of motion

~ Trailing tidal

= debris

Sgr.core

David R.Law
UCLA

Sagittarius dSph: povieAomoinom Tov TOAMPOTKOD PELUOTOC
Law & Majewski (2000, 2003)
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THE ASTRONOMICAL JOURNAL, 140:962-967, 2010 October doi: 10 1088/0004-6256/ 1 40/4/962
i© 2010, The American Astronomical Society. All rights reserved. Printed in the US.A.

STELLAR TIDAL STREAMS IN SPIRAL GALAXIES OF THE LOCAL VOLUME:
A PILOT SURVEY WITH MODEST APERTURE TELESCOPES

DaviD MARTINEZ-DELGADO' 2, R. JoY GABANY", KEN CRAWFORD?, STEFANO ZIBETTI!, STEVEN R. MAJEWSKI",
HaNs-WALTER Rix', JURGEN FLIRIZ®, JULIO A. CARBALLO-BELLO?, DANIELLA C. BARDALEZ-GAGLIUFFIZ- ., JORGE PENARRURIA®,
TavLOR S. CHONIS”, BARRY MADORE'’, IGNACIO TRUJLLO?, MISCHA SCHIRMER'', AND DavID A. McDavID

This pilot survey was conducted with three privately owned
observatories equipped with modest-sized telescopes located in
the USA and Australia (see Table 1). Each observing site fea-

Observalories

Observatory Location Telescope |
BEO NM, USA RCO 0.508 m
RdS CA, USA RCO 0.508 m
Mrk South Australia RCO0368 m
Mew Mexico Skies (NMS) NM, USA APS 0160 m

~ *  Each telescope is equlpped with a commercially available
@’ CCD camera. The ]ZIl'lIIIEI.I"_i,’ survey camera of me Elack Bird

Flgure 1. Luminance filter images of nearby galaxies from our pilot survey (see Section 3 for discussion) showing large, diffuse light substructures in their outskirts:
{a) a possible Sgr-like stream in Messier 63; (b) giant plumes around NGC 1084; (c) partial tidally disrupted satellites in NGC 4216; (d) an umbrella-shaped tidal
debris structure in NGC 4651 (2) an enormous stellar cloud in NGC 7531 (T) diffuse, large-scale and more coherent features around NGC 3521: (g) a prominent spike
and giant wedge-shaped structure seen emanating from NGC 5866 (BBO 0.5 m): (h) a strange inner halo in NGC 1055, sprinkled with several spikes of debris (RdS
0.5 m). Each panel displays a (linear) super-stretched contrast version of the total image. A color inset of the disk of each galaxy (oMained from data from the same
lelescope as the luminance images) has been over plotted Tor reference purposes. In addition, some of the original images were also cropped o better show the most
interesting regions around each target.
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Palomar 5

pacl. [deg. JEG00]

228 26 24 22 0z B 2w oat] 288 BEY 28 286 R4
B [deg, J2000]

Fic. 3.—Map of the surface density of stars that are photometrically
concordant with the stellar population of Pal 5 (plotted in equatorial
coordinates R.A., decl). These surface densities were derived by least-
squares estimation as described in § 3.2. The lowest contours show density
levels of 1.5 0, 2 7, 3 7, and 5 o above zero (white). Pal 5 is seen to be
accompanied by two long tidal tails. The tidal debris covers an arc of almost
10° (for further details, see § 4.1). The arrow attached to Pal 5 gives an
approximate indication of the direction of'its Galactic motion based on the
proper motion measurement by K. M. Cudworth (see § 5.2). The arrow
labeled with b shows the direction of increasing Galactic latitude. The patch
of enhanced density around (22976, +2°1) is a residual feature from the
cluster M5 and hence not related to Pal 5. The dotted lines mark the borders
of the field.

4 E. J. Bernard et al.
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MILKY WAY

Mind the Galactic bar

news & views

The length asymmetry of the tidal stellar stream Palomar 5 could have been caused by a past encounter(s) with the
Galactic bar, thus limiting its use as a probe for structures in the dark matter halo of the Milky Way.

Christos Efthymiopoulos

Trailing
arm

Pal 5
cluster

Leading
arm

g <
_ __'-"Ga]atfic bar

NATURE ASTRONOMY | VOL 1) SEPTEMBER 2017 | 57572 | www.nature.com/natureastronomy

Rotating " 21
Galactic bar ¥



Awaovvogo pe to Tpofinua Tov "'oopv@opmv Tov
OLaPEVYOVY TNS TapaTipnons’

Klypin et al. 1999, Moore et al. 1999

2oupmva pe 1o ogvdapto g "Poypnc Adpatng YAng", to mepifariov
tov [N'oda&ia apbovel og okoteva avtikeipeva (~103) pkpng kKAipokog
pe paceg avapeoa og 100 kor 1010 M, pe vopo mbavotnrog P(M)~M-2
Y& ovykpion, mopatnpovvtal ~ 20 yoroéisg vavor pe palec >107 M,
kot Aoyo "Madag/Pwtog" ~ 10"3L /M

(IHapaoeiypata: LMC, SMC, Sagittarius, Leo I, II, UM 1,2, Draco,
Fornax, etc.)

[TOaveég epunveiec:

1. To povtédo g PXY oev 1oy0el 6N YOAQSIOKT) KATLOKOL
2. Ta avtikeipevo OVImg vdpyovv, dALE OEV TOPATPOVVTOL
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E&EMEN s Xuvaptnoneg Katavouc tov llaiipoikov Peopdatov

PvOuoc "oudivong"”
['eouetpia

[TokvOTNTO KO KIVILLOLTIKT)
KOTA UNKOG TV PELUATOV

Figure 2. A snapshot of a subset of the Via Lactea Cauda
streams during their evolution. This view is 130 kpc by 130 kpc.

Sandford et al. 2017
37



MovTterlomToinon TOV PEVRATOV OO AVUEALOLMTES TOAALATAOTITES

)

(o)

Jung et al.
" ' 2017

. Barrabes et
al. 2017

-10 -05 00 05 1.0 15 20 25

Figure 14. (a-left): The stable manifold W#(Sg) (green) and the unstable manifold W*({Sg) (red), when ' = —3.24. The corresponding

energetically allowed region of the position space in the inner part of the potential is shown in transparent gray colour. {b-right): The

projection of the stable and the unstable manifold on the confizguration (r, y) space. The corresponding horizontal Lyapunov orbit I'y, is

shown in blue. (For the interpretation of references to colour in this figure caption and the corresponding text, the reader is referred to 3 8
the electronic version of the article.)
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2ANUOTIGUOS TPOTOTAAVITOV

On the Origin of the Planetary Spin by Accretion of Planetesimals
Il. Collisional Orbits at the Hill Surface

K. TANIKAWA

Division of Theoretical Astrophysics. National Astronomical Observatory, Mitaka, Tokvo 181, Japan
AND

N. KiIkucHI anD 1. SATO

Division of Theoretical Astrophysics, National Astronomical Observatory, Mizusawa, Iwate 023, Japan

Received January 21. 1991; revised July 26, 1991
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FIG. 1. Geometry of the problem. (a) The coordinate system and configuration. (b) The definition of ® and ®. R} is the Hill radius. 40



116 TANIKAWA, KIKUCHIL. AND SATO

¢ 92 180 @ 2790 360 9 a9 : 270 366

360
cD B
g g — (e
(i) (iv)
. i)
2 a3 T8 @ 2ve B0 c 39 180 @ W0 188

FIG. 3. (O, &) plane structure for e = 10°% R =2 x 10 . qa) € = 3.00035, (b) € = 3.00030, (c) C = 3.00025, (d) C = 3.00020, (e) C =
3.00000, (f) € = 2.99900. (i). (ii). . . . . (v) are the same as in Fig. 2. In (e}, delayed colliders are dispersed crosses (+ ) embedded in the set of
delayed escapers.
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2 Kovacs & Regaly
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Fic. 1.— Escape times indicated with different colors from the annulus 0.7 < r < 1.3. The integration time is T = 500 orbital revolution
of the planet. Filamentary structure is formed at the border of the white regular domains (high escape times), the black trails correspond
to very fast escape (accretion). Panel (b) shows the spike structure of the escape times in radial direction obtained at different azimuthal
positions in panel (a). The number of long lived trajectories increases when approaching the edge of regular plateaus. Panel (c) contains

masnificationg of shice 1 denoted by rad rectaneles (T TT.TITY

Kovacs & Regaly, ApJ 2015 49



200y Kat orepuyn Tpowkov Actepoerdo®y

Astrodynamics group Vienna + C.E., see also Koon et al. 2001b, di Sisto et al 2016)

e=0.3




Avvopiko "Avorypo Aéoung'' o€ ERTOYVVTES GOUATIOLOV

2.0

-2.0

FIG. 2. Invanant manifolds of the hvperbolic fixed points of
period one and stability domain for the cubic map. The stability
domain is represented by the gray area. The value of the linear
frequency 18 w/2w=0.34, while p;=—1.

Giovannozi 1996
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Avagooon loripov oe un-ypoppuikd Méoao,

Multibreathers and homoclinic orbits in 1-dimensional nonlinear
lattices

T. Bountis **, H.W. Capel ®, M. Kollmann®, J.C. Ross ", .M. Bergamin **,
J.P. van der Weele ©

i, + ylu,|Fu, + (1+ |au',?|g)(ng,f_1 +u, ,)=0, i, = ¢exp(iwt)
¥
w—vyld, w— yx?
q‘)ﬁ-i_l—'_{.”_l: 1‘|‘|l’fJ |2 Pn ‘Tn+l: '}Iaﬁrn_vn* 1"er+1:rr3
n 1 +x;
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Propagation of extremely short electromagnetic pulses
in a doubly-resonant medium

Y. Frenkel®, I. Gabitov®, A. Maimistov®, and V. Roytburd?

- — _1 — - — _1 — ¢
VxE=—-"8B, VxH=—-c "D, (2.1)
B=H+47M. D=F +4nxP
For sumplicity, we consider transverse electromagnetic plane waves propagating along the

z-axis with the electric field E = (FE(z. t),0,0) and the magnetic field B = (0. B(z.1),0).

Then the Maxwell equations transform to the scalar form:

oL 0B _ OH 10D _

: —— =10, — —— =1 2.2
0z +CE‘)2‘. 0z +c(f)t (2:2)
B=H4+4xM. D=F +4xP (2.3)

Elicmoeig "IIoAmonc - Mayvntionc"

Py +wpP + kP’ =W E

.'.:I‘I[tf_ —I— L,La'%-jlf — _.-‘IBHtt
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Avtiotolyion ZoMTovViK®V AVGEMV LE TIC OLOKMVIKES TPOYLES
TOV QVTIGTOLYOL GLVOOOVC GUGTNUATOC

Soliton V=0.822
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Lyapunov")
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Evolution of the tangent vectors and localization
of the stable and unstable manifolds of hyperbolic orbits
by Fast Lyapunov Indicators
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[i=nl|jv| , Liy1=1;+u(z;)h

u(z) = 1 for 2 € B, and u(z) = 0 for 2 outside a given
open set V2O B
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Representation in the phase-space
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[opdaoetypa: o01GoTaTN OVAAVTIKY OTEKOVIOT] TNG LOPPNG

-u.fl = Mut + Fol(uy,ug) + Fa(ug,us) + ...
'tr.fg —/Aous + Goluy.us) + Gal(uyg, ug) + ...

L=1/A,
Koavovikog petacynuoticuog 6€ veéec LETOPANTES
up = P1(En) =&+ P12(8, 1) + Pra(&n) + ..
g = Po(&, 1) = n+ Paa(l.n) + Po3(E,n) + ...

Mop@1 TG anmetkOVIon S OTIC VEES LETAPANTEC
=Wi(&,n) = Ae) = (M + wae + wac® + .. )¢
= Wa(&,n) = (1/A(e))n = (Ao + vac + vgc?..\n
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Franceschini, V., and Russo, L. (1981)
da Silva Ritter, Vieira, Ozorio de Almeida (1987)
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Harsoula et al. 2015

Figure 1. The asymptotic curves ¢ = &y = 0 (red, mapped in the original variables
(x, y)) from the unstable periodic orbit (x = y = () and the nearby invariant curves
with ¢ = 0.1 (1 and 4), or ¢ = —0.1 (2 and 3).
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Figure 3. (a) The successive iterations of two orbits having initial points on the
invariant curve ¢ = (.1 seem to be distributed randomly around the last KAM curve of a
central island of stability (b) the scattered points of figure 3(a) belong in fact to the
invariant curve ¢ = (.1.
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“AxorovBia axtivov D’ Alembert™:
AOYaPLOUIKY 6TV TVAIKY OTEIKOVIOT, TETPAYOVIKY 6TV aetkovion Hénon

20 T 100000
18
18 10000 |
14
1000
12
D
ll' 10 i
r oo} o -
ar ___---"'__‘-- — ’
gL . ol 4
a b 4 (b)
(a)
2 1
1 10 1 10 100
r T

Figure 2: The sequence of D’Alembert radii found by the coeflicients of the normalizing
transformation ®; for n = 0 (see text), versus the normalization order r for (a) the standard
map, and (b) the Hénon map. In (a) we find the fitting law p, = 3.34966 + 3.83952log/(r).
In (b), we find a power fitting law p, = 5.52r>"" (thick lines).

['evikd, T0 TAN00C TV OpWV TNE GEPAC TOV ATAITOVVTOL DGTE
vo, avotopoy el pe axpifeta pio Yootk GEPA UNKOVS S
AVEAVEL LE TO VOULO ~ exXP(S)
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Convergence Region
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20VOoPo TOL TOUEN GUYKMONG:
Ag1tovpyel ¢ EMKVOTIG YUOTIKMOV
TPOYLAOV EKTOS TOV TONEW
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2
D
H = b w(}(l + €(1 4 p) coswt) cos

2

— 0.08 (1 + 0.5¢(1 + p)(e"? + f-—i‘-@J) (1 +

j;r
2

Merafintéc Birkhoff - Moser

= VVI(E+1) L =)
V2 | v 2
H(o, 1.6.n) =wl+vEn+ Hilo. 1.7

+ wl — ;u',{l + e(l 4+ p)cos o) cos
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H = — u.fg(l + (1 + J‘,_r;r:} COS c‘.;-‘?‘:} COS 1

2
H(i).db.p, 1) = j 4+ wl — :.x,“{l + €(1 + p)cos @) cos 1




AxoiovOia D’ Alembert
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MéBodor "emavdBpoionc" pe ™ ypnon cvveyav khacudtov (Bender & Wu)

06
o4

re-summed series
truncated at order 20

re-summed series
truncated at order 60
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Alédgvon oo pEGov 01ITAov cvuvtTovieuov (Awdyvon Arnold)
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XpNon vIToAOYIGTIKNG AAYERPOS Y0 TNV KOTOGKELT) TNC PEATIOTNG
Kavoviknc popoeng Birkhoft (Efthymiopoulos 2008, 40 exatopdpia 6pot,
150 million)

E'=FE, Phase portrait of
Resonance normal form dynamics Chaotic domain
overlap for E’ =E, formed by resonance

@ overlap
Dynamics of

the doubly-resonant
normal form
+ drift

Schematic

E’=E,

No resonance .

averlap Phase portrait of :
normal form dynamics o
for E/ =K,
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XpNon vIToAOYIGTIKNG AAYERPOS Y0 TNV KOTOGKELT) TNC PEATIOTNG
Kavoviknc popoeng Birkhoft (Efthymiopoulos 2008, 40 exatopdpia 6pot,
150 million)
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Jrz

Phase portraits of the normal form dynamics

C. Efthymiopoulos, M. Harsoula [ Physica D 251 {2013) 19-38
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