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Apresentagao |:

Torus, mapa padrao, ilhas ao redor de ilhas







Yir1 =Y; + Ksin(2wz;) mod 1,

Titl =T + Yit1 mod 1,
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Apresentacao |l

Recorréencias para detectar rompimento de tori

PHYSICAL REVIEW E 73, 056201 (2006)

Nontwist non-Hamiltonian systems

sl . ‘i' /:t
E. G. Altmann.® G. Cristadoro.' and D. Pazd’




Interesse em sistemas temporalmente reversiveis
(dinamica quasi-Hamiltoneana pode aparecer)

1(GX
d(Gx) =—-F(G(x)) and L°Gx

dt n+l — Gxn‘

Se mais de uma simetria esta presente . |
no sistema a condicao de torcao Jet | — ' £0 and det 0
(twist) é violada: lj oy

Exemplo: Osciladores acoplados

O = Qk"‘ 8f(‘Pk—l - <P/<) + 8f(‘P/<+1 - <Pk), k=1, ....N,

N=4

Y = w—2e sin Yy + € sin ¢,
% =1—=2¢& sin ¢, + € sin Y| + € sin Y5,

'72/3 = — 2 sin Y + € sin Y,




i = w—2¢ sin Y + & sin ¢,
4 osciladores de fase acoplados:

t/)zzl—283in¢//2+ssin¢1+ssin¢3,

U, = @ — 2& sin Y + € sin i,

3n/2

FIG. 1. (Color online) (a) Poincaré section
: ~ : »=1r/2) of the system in Eq. (35) for w=1.¢e
Sistema nao. I—lan?lltonear?o (=¢(I)2 wheie two nonytwisl tori arqe e(m:)hasized. [Ps
mas com dinamica quasi- are marked with the symbol @. (b) Rotation num-
Hamiltoneana e torus “nao ber of the tori as a function of the coordinate ¢
torcidos™! at fixed ¢¥;=—m/2 for w=1 and different values

of & (see legend).




Reconexoes tipicas de
sistemas nao torcionais
também ocorrem em
sistemas nao
Hamiltoneanos

FIG. 2. (Color online) Poincaré section of
system (5) for fixed £=0.25 and different values
of w. Sequence (a) w=0.868, (b) w=0.868 760 6,
and (c) @=0.869 illustrates the collision of 3:4
island chains. Sequence (d) w=0.801, (e) w
=0.801 523, and (f) @=0.802 illustrate a recon-
nection around 2:3 resonances.




Para o transporte de trajetorias € importante determinar quais
parametros (&,) o torus existe (divide o espaco de fases).

Metodo:
Verificar se uma trajetoria que tem de pertencer ao torus (IP)
satisfaz o teorema de Slater (e.g., maximo 3 Ts distintos).

Particularmente util quando:

- Grande numero de parametros (&€,W) tem de ser varridos.
Sistema de tempos continuo (dificil integracao/sessao de Poincare)
Parametros (€,W) proximos ao rompimento sao escolhidos. Nesse

caso ilhas (“stickiness”) fazem demais metodos muito lentos

Limitacao:

-N=4, i.e., mapas bi-dimensionais
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Rompimento do torus

Attractor
Repeller

Saddle points
Inv. manifolds

3r/2 -xl2

FIG. 4. (Color online) Two different routes
for the breakup of the shearless torus: (a), (b)
Hamiltonian-like through critical point and (c).
(d) dissipative. (a) Torus near criticality &
=0.425 256, w=1.0335 (the inset shows the frac-
tal structure of the torus). (b) Torus after critical-
ity £=0.425 257, @=1.0335 (the inset show that
the torus is destroyed). (¢) Near-integrable phase
space £=0.1, @=0.2. (d) Attracting fixed point
e=0.11, @=0.2.




v, + a sin(27x,,)

Yn+1 = . >
1 + by, sin(27x,,)

Exemplo: mapa bi-dimensional

Xpl =X+ COS(27T)»’,,+1) mod | ’

Jacobiano: Simetrias:

. y + a sin(2mx
| —ab sin*(27rx) . v, oy == (27x)

— 1+ bysin(2mx)’
[1+by sin(2mx)]?

J

!/

=—x+cos(2my), y =y.




b

v, +a sin(27x,,)
1 + by, sin(27x,)

Y+l

I
C
9O

-dimens

: mapa bi

Exemplo

Xpel =Xp + COS(ZWynH) mod 1,

|

I

Invariant lines
— shearless torus &




Apresentacao lll:

mapa linear por partes
espago de fases hierarquico




Ynt+l = Un + Kf(il'n)
Tn4l = Tp + Yn+1

mod 1,
mod 1,

f(a:n) —

— —  Map (1)
—— Map (i1) [K=4]
-sin(x) [Standard Map|

1

0.8

if 0<m,<1/4,
if 1/4 < 2, < 3/4,
if 3/4 <z, <1,

Figure 5.1: lllustration of the
piecewise-linear functions (5.2) [map
(i)] and (5.3) [map (ii)]. In the last
case, the function was multiplied by a
factor K = 4.




0<z, <1/4,

—1/2+4 1z, if1/4<z, <3/4,
if3/4 <z, <1,

if

_a:n
1—z,
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v=2 (reference)
(i) K=1

(i) K=2

() K=1.5

I200 n

400 I




Caso generico / hierarquico
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— = = Exponential decay
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—— 100 different maps

mean value
— — =16

s Standard Deviation

0.1

>

AR
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1 O 1 OO 1 000 1 0000 1 e+05 1 e+06 Figure 2.3: (Color online) Sticking

T time distribution p(7) for 100 differ-
ent standard maps (2.14) with a con-
stant KT added to the y equation: K €
[0.5,0.6], KT € [0,0.2]. The central
green (gray) curve is the average [for
fixed p(7)] over all curves, and the red
curve (axis on the right) corresponds
to the standard deviation of the curves
(for fixed p(7) projected to the z-axis).
The further parameters are equivalent
to those of Fig. 6.1b below.




Apresentagao |V:

Efeito de ruido branco e altas dimensoes
no aprisionamento de trajetorias




Coupled standard maps:
== .| Motivation / model

2.2 Noise perturbation
2.3 High dimensional




Qual o problema!
(do ponto de vista de Mec. Estatistica)




Qual o problema!
(do ponto de vista de Mec. Estatistica)

Violate the hypothesis of strong chaos:

1. Ergodicity, i.e., negligible measure of regular components

2. Strong mixing, i.e., fast decay of correlations




Qual o problema!
(do ponto de vista de Mec. Estatistica)

Violate the hypothesis of strong chaos:

1. Ergodicity, i.e., negligible measure of regular components

2. Strong mixing, i.e., fast decay of correlations

What happens for increasing phase
space dimension?




Coupled symplectic maps model

~~ Coupling C

M,

2D Map




Coupled symplectic maps model




Coupled symplectic maps model




Coupled symplectic maps model

- N _ AT .. . T o C)]\I N f - (_') ]\"I."\'.
Map (p'sq") =MnN(p.q)is SympleCtlc iff: Sy = ( oy ) Sy ( oy )

= (q1,..sqN D1, .. DN)

M =CoM

The maps M = (M;,...,My) and couplings C = (C1,...,Cy) are given as

\/ ( Pi ) ( pi + K sin(2mq;) mod 1 )
LVLg =

i q; + pi + K;sin(2mg;) mod 1

C. (P-z'. ) _ (pi + Z;\rzl i jsin2m(qi — gj)] )

qi qi

§
vVN-1

For large IV, weak coupled chaotic maps ¢;, g; are almost uncorrelated:
N

C' is symplectic iff §; ; = &, ;. We use all-to-all coupling with §; ; =




Coupled standard maps:

2.1 Motivation / model

== 2.2 Noise perturbation
2.3 High dimensional




2.2 Noise perturbation

Yir1 = vy; + Ksin(2rz;)  mod 1,
Tip1l = T; + Yit1 mod 1,
In the following K=0.52.




2.2 Noise perturbation

y; + Ksin(2mz;) mod 1,
=x; + Yiy1+ &6; mod1,

Eiy S e

el [
4 vah b1t na S o
O LR R TR

.- A RS TR




2.2 Noise perturbation

Yir1 = vy; + Ksin(2wz;) mod 1,
Tit1 =T; +Yiqp1 + &6; mod1,

—— Unperturbed

SIRT =
— Nose =10




2.2 Noise perturbation

Yir1 = Y; + Ksin(2rz;)  mod 1,
Tiy1 =T; +Yiy1 + &£0; mod 1,




2.2 Noise perturbation

Yir1 = y; + Ksin(2rz;) mod 1,

Tit1 =T; +Yip1+ &6;  mod1,




2.2 Noise perturbation

Yi+1 = Y; + Ksin(2wz;)  mod 1,

Tip1 =T; +Yip1 + &6  mod1,
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2.2 Noise perturbation

Dependence on the noise intensity &

10" |

7

10

10°

10"

@ Intermediate trapping:
RW inside the island = v = 0.5.

Q@ Tyo 5_15’ .,;‘.'3 é 1
[Boffetta et al. 03].

10

E.G.A. and H. Kantz, Europhys. Lett. 07 —2
[ phy ] @ Tog Ng

RW in a finite domain.




Coupled standard maps:

2.1 Motivation / model

2.2 Noise perturbation
== 2.3 High dimensional




Coupled symplectic maps model




Coupled symplectic maps model

Ergodicity?




Coupled symplectic maps model

Ergodicity?




Coupled symplectic maps model
Ergodicity?
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Coupled symplectic maps model

1. Ergodicity, I.e., negligible measure of regular components

e.g., zero measure sets on Bunimovich
stadium Billiards

2. Strong mixing, i.e., fast decay of correlations

N=2-5 show power-law behavior [Kantz, Grassberger (1987), Ding, Bountis, Ott (1990)]




Coupled symplectic maps model
Strong mixing?

—— Unperturbed
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Coupled symplectic maps model
Strong mixing?

-3
2 coupled maps =10
—— Unperturbed
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Coupled symplectic maps model
Strong mixing?

2 coupled maps §:10_3

Noise &=1 0"
—— Unperturbed

0.5
--- 1~ (random walk)
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Coupled symplectic maps model
Strong mixing?

-3
2 coupled maps E=10

Noise E,le_3
—— Unperturbed

== " (random walk)
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Coupled symplectic maps model

100 T T |

-1

2 coupled maps §=10_3

10° Noise £=10 "
Unperturbed

——— " (random walk)

-3

10"

107

10°

107

10°

-9

10

10-10

p(T>1) (cumulative distribution)




Coupled symplectic maps model

10

10"

2

10

3

10°
10"
10°

10°
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i

100

10"

p(T>7) (cumulative distribution)

10”7

-10

10

2 coupled maps é’;:lO_3

Noise £=10""
—— Unperturbed

e (random walk)




Coupled symplectic maps model

10O T T T

10"

— 2 coupled maps £=10""

107 Noise £=10"

5 —— Unperturbed

10 0.5

——~ 1 "~ (Landom walk)

10"

107

10°

10”7

10°

p(T>1) (cumulative distribution)

10”7

10-10




Coupled symplectic maps model

2 coupled maps E_,:IO_'z
Noise £=10 "

—— Unperturbed

--- "% (random walk)

p(T>7) (cumulative distribution)




Coupled symplectic maps model
Strong mixing?

2 coupled maps é’;:lO_3

Noise §:10_3
—— Unperturbed

-—= (random walk)
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Coupled symplectic maps model
Strong mixing?




Coupled symplectic maps model
Strong mixing?




Coupled symplectic maps

1. Ergodicity, i.e., negligible measure of regular components

2. Strong mixing, i.e., fast decay of correlations

Non-exponential decay, but sufficiently fast power-law




Apresentagao V:

fluido incompressivel




Passive scalar field 6(z, t) (contaminant), advected by a flow with velocity field given
by v(x,t) [Aref,1984]
00
ot
where D,, is the molecular diffusion coefficient. The motion of fluid elements
(Lagrangian description) is written as

+ V.(90) = D,, V>0,

dz
dt
where <77i (t)??j (t/)> = 2Dm5i,j5(t — t/).
Consider an incompressible V.o = 0 2-D fluid & = (z, y).
In this case there exist a stream function ¢ (x, y,t) such that

— ?7(:?7 t) + 77( )7

dr _ _, _ o
a7 t - Ox




Consider a fluid channel infinite in the x direction having the following two flows:
Laminar regime: 1 (x, y) = —v1 sin(my); Vortex regime: 12 (z, y) = vacos(2z)(1 — y?)?

Laminar Flow Vortex Flow

-
.-
e
T
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T
=
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=
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=~
e

b Y Y N R L




Alternating periodically between the two regimes in a period ¢y and
mapping the evolution from nty — (n + 1)ty one gets

Tpi1 + Asin(my,) — %T—pyn(l — y2) cos[2m(zp + 1)] + €6,
Yn — p(1 — y2)? sin[2nx, 1] + €07

p = wuaty/2 — intensity of the vortex regime;
A = v1ty/2 — intensity of the laminar regime;
¢ — intensity of the white noise variable § (¢ ~ /D,,);




Espago misto para dois parametros de controle

Tpi1 + Asin(7y,) — %yn 1 — y% cos|2m(xy, + 1)| 4+ E0p,
Yn — p(1 — y2)?sin[27wx,41] + €67,




Transporte super-difusivo

- | e—e )=0.25

- | o—0 )=]

= | — v=1 (normal diffusion)
- | — v=2 (ballistic motion)
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Estatisitca de aprisionamento e voo

—— Flights A=1
—— Flights A=0.25
—— Traps A=0.25




Efeito da difusao molecular no aprisionamento

\=1 flies A=0.25 flies A=0.25 traps
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Coeficiente de difusao como fungao do tempo
(a) p=0.6 h=1

I| I I IIIIII| I I IIIIII| I I IIIIII| I I IIL'IIIl I ol

o—eo t=0
—a £=0.0004 A= I

—e £=0.001
£=0.002
£=0.01

o—o E=0.1

100 lOOO IOOOO 1e+()5
t




Coeficiente de difusao como fungao do tempo

10

A=0.25

N\

N\

100 1000
t

10000

le+05




Difusao total (adveccao+molecular) como
funcao da difusao molecular

e p=0.62A=1
A p=0.6 A=0.25
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