XAocC yupw amo pyadika aotabeic meplodikee TpoxLeC o€ 3D
XapAtoviova cuotnpata



In 2D systems there is no Complex Instability



where (z,y) are the coordinates in a Cz

with the spiral with angular velocty §2,.

slan coordinates, F; 1s the numerical valug/of the Jacobian integral and dots
denote time derivatives.

Effective potential
takes care of fictitious forces

E,, the Jacobi integral, is the rotating-frame analog of the
total energy



EVOTXOELX TLEPLOSLKWV
TpoxLWwV (Hénon 1965)
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6.1 EvoTtabaia xata Henon

H sucTdfsia urodoyiletan pe 1N péflobo Tou Henon (1965). Zexivovtas amwd Tov

TeTpadidoTaTo Ympo Twv phoswv (I, Y, T, 1Y), Bewpolpe Tis S1adoyikés Topds pros
Tpoxids pe Tov &fova Yy = 0, katd TN Siedfuvon Twv aufavépsvev y (¥ > 0).
Amd ™ Xowdtoviovty H = H(x,0,%,9) = h pmwopolpe va AUcoupe ws wpos ¥
Kal Tl 0 Ypos Twv @dctwy TeplopileTan ot Slo apyikés cuviikes (x, ).

Avo Biadoyikd onueia Topt)s otov &ova ¥ = 0 ocuvdéovTal pe évav pETAOYXTUOTIONO
R? - R?. lNa TNV TMEPITTTOON TS TEPIODIKNS TPOXIAS EYOUUE:

zg = g1(zg, o)

&9 = g2(wo, o)




Eicdywvtas ma pikpr) diatapayrn oTis apyikés ocuvlnkes maipvoups piax Tpoyia
yerTovikf) s apyikis (ro + Axg, £g + Adg). O1 apyikés kot ot Tehikés cuvBikes
ouvdEoVTal TTAAL HECG) TOU PETOOXTMOTIOMOU KOl EXOUME:

To + ﬁ:[:l = g1 [.I'u + ﬁi:l]: il] + ﬁ-rl]]




AvamtUoocovtas kKaTtd Taylor Kol KpaTwvTas Opous pEXPL TTPWTNS TAENS £XOUME:

Bgl
= Bz ATt 55

092 dg2
Ax
ox Fot o

dg

1
tﬁ..{?{}

ﬂ..{?l = tﬁ..{?{}




1 avoAuTIKA;

ﬁ:rl = lﬂ.ﬂmn + bﬂ.ru
;ﬂ:ifl = {:ﬂ:[:n + dﬂ:ﬁu

991

p 290 _ 992 ,_ 09
ox'  0i’ 9Oz Oi

Agdopévou OTL 0 peTaoynpaTiopos Siatnpel Ta eppadd, éxoupe

d

oTTouU (1 =

ad — be =1




Emopédvars k1 = Akyg, omou ki eivar To Sidvuopa (Axy, AZy) a1 kg To
dravuopa (&I{},&i‘u).

=
Eav {?1} 0 5} 1 Pdon Twv 181081avucpdTwy, propolps va ypaWoupE:

—
ko= Al?l + AE?E

—

k1= 141)&1?1 + AEAE?E

omou A1 kai Az o1 18ioTipés s lakwPiavhs A. H yapaxktnpioTikf eficwon Tou




o6mou A1 Kat Az o1 18ioTipés NS lakwpiavns A. H yapaxktnpioTikn eficwon Tou
mivaka A, Adyw Tns oxéons (B elvan

M-(a+dAr+1=0

STy mepimTwon Tou éxoupe |a+ d| < 2, éxoups 8o piles uryadikés culuyels. Ze
authv v TepiTaon |A1| = |A2] = 1, ko n Tpoyid yapakTnpileTar euoTabfs.




E&v éyoupe |a + d| > 2 1éTe éyoupe SUo TpaypaTikés piles, ue AiAz = 1 kat 1
Tpoyla Yapaktnpileton actabns. Qs Seiktns euoTdbeias opileTon ws ek ToUTOU 1)
TOPAUETPOS

1, _
= = d
a 2{:1—{— )




Ma |a] < 1 n weprodikn Tpoyid eivar euotabis, evéd yia |a| > 1 eiven acTabs.

To Sidypappa mou Bivel Tov Beiktn suoTdbBiias a ws ocurApPTNOT TNS EVEPYELQS
ovopaleTal diaypappa eucTabeias.




Henon's index

Characteristic equation:
A? -(a+d)A+1=0
x=1/2(a+d)
| x|<1 STABLE
| x|>1 UNSTABLE



EAAELTTTIKX OElX

Y1tepBoAlkX onElX







The role of periodic orbits

Ovrder +Chaos (2D case)




Fig. 5. Stability curves for a model with a
double mner Lindblad resonance
(schematically). (—) A =0 (axisymmetric
case), (——) A+0




3D systems



P=Miyamoto disk + Plummmer sphere + 3D Ferrers bar

1 |
H = S(p; + py + P) + DX,y 2) = Qu(xpy = yp),

with

D(x,y,2)esf = P(x,y,2) — Qp(xpy — yPx)

D(x,y.2) = Op + Og + Op

4D space of section, i.c. (%,p,.Z.p,) in the plane y=0 with
p,”0



Application in a 3D rotating
galactic potential

GMp

————————————————, Ml'y 19°
VX2 +2 +(A+ VB2 + 22)2

105M

& T <
32Jrabc(1 m) for mz=|

p=

for m>1




Linear Stability

The relation of the final dewatlons of this neighboring orbit
from the periodic one, with the i introduced deviations can
be written 1n vector form as: Here £ is the final devia-
tion, _{6 is the initial deviation and=7 1s a 4 X 4 matrix. called the
monodromy matrix. It can be shown that the characteristic equation
is written in the formlts solutions
(4.1 =1,2,3,4) obey the relations 1; I; = | and A3 A4 = | and for
each pair we can write:

1
/l,'.. ]//li = 5[—bi - - (biZ T 4)%19

where b; = 1/2 (e + A'?)and  stability indices




motion is stable when all the roots of (44) are complex conjugate lying on t
circle, and this happens when the following three inequalities hold:

450, |b|<2, |b <2.

In all other cases the motion is unstable.

Double instabilit







Stability: Katsanikas & P. 2011 Simple Instability: P & Katsanikas 2014




Double Instability
P. & Zachilas 1994
(JBC 4, 1399

4/7/2022



Contopoulos, Farantos, Papadaki, Polymilis 1994 Katsanikas, Patsis, Contopoulos

]

“confined torus” Pfenniger 1984



Complex instability —
Katsanikas, Patsis, Contopoulos (2011, IUBC 21, 2321)




Complex instability




Complex instability — confined torus




This natural-color photo was taken with the Hubble Space Telescope's Advanced Camera for Surveys on January 15, 2006
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N-body peanuts Il




2 X 1076 particles (DM, stars, gas, newborn stars)
4/7/2022 P.A. Patsis 32
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Where does the b/p start?

0,43 0,42 0.4
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the “x1vl1’’ scenario







Orbits close to A p.o. in the first region.
“10%” perturbations

»t EJ=-0.3073 © EJ=—0.3073

-0.15
-0.304 -0.302 0.3 EJ -0.298 -0.296 -0.294 -0.292

| EJ=—0.2973 et EI=-0.2973

GALI2 index: Skokos, Bountis
Antonopoulos 2007
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T e e EJ=-0.26753617

0.38  0.382 x0.384 0.386 0.388 0.39



EJ=-0.26743617 Ax=0.001x0(x1v1l) and Ax=107{-8} xO(x1v1)

-0.01
0.372 0.375 x 0.378 0.381 0.384¢ 0.387 0.39 0.393 0.396

120 1800
" (1600) #




ENVIRONMENT

EJ=-0.23283617 Ax=107{-8}x0(x1v1)

The same situation appears for smaller EJ (without spirals)



EJ=-0.23234

Ax=0.0015x0(x1v1

0.0004

0.0004

0.00086

and

600# and then

chaos




67# in the middle
Large dynamical time
scales

-1.8 -1.6 -14 -l2 -1 -0.8



Perturbed 10% in x

e o ity M vtact i, e

LoglG nh:J

= =
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1 1
= =
- A -
1 1

LoglG nh:J

=15 -1 -0

Logfnliy)

=16 -1 -0

Clockwise rotation (x0 i.c. with x<0)

=16 —l.':.‘ bl ]




CONCLUSIONS

* |naS—>A->S transition there is a continuity in the evolution of the phase space in
the immediate neighborhood of the periodic orbits:

(S) shrinking of tori = (S) disky tori = (A) confined tori w. spirals =
(A) clouds w. spirals = (S) reverse evolution

e (this is the second example we are aware of, where the evolution of the phase space
structure foretells an impending stability transition of a specific kind)






CONCLUSIONS

A does not define the phase space structure

 The role of the close environment plays a significant role (even for trapping in sticky
zones)

e Especially in PERLAS, a A region of x1vl may rather increase locally the dispersion of
velocities (weaken the spiral?) than destroy the pattern



o1 Mtlime window: 2 Mtime window: 3 Mtl.ir_ne window: 4

Ej=0.306 Ej=0.328 Ej=0.350 Ej=0.350
GMB=0.06875 GMB=0.10625 GMB=0.14374 ~,  GMB=0.14374
=625 T t=1875 | t=3125 TN e312s

Tigure 14. The (z, p;) projection of the 4D phase space of x1 arbits perturbed in the p,-direction, at £y — —0.41. We indicate with black and grey ‘*' symbols
the location of the x1v1 and xIv1’ p.o., respectively. Red and green “x" symbols indicate the two branches of x1v2. The ‘A’ at [z, p,) = (0.1, 0.42) marks the
location of the p.o. x1mul2, Consequenis corresponding v parts of the orbits thar are ploted in other figures are marked with & symbols.

P&K14
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