Stickiness, corvrelations and large deviations
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Tracking soccer players aiming their kinematical motion analysis

Pascual J. Figueroa ®, Neucimar J. Leite ** Ricardo M.L. Barros °




Estimates and compultoliow of corvrelations

Spectral methods: Pervov-Frobenius operator, zeto
functions techmiques

Inducing: Poincaré recurrences, wailing time
distribulions, Markov towers

Adding noise: reading asymptotic noiseless limit
by transienty
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“Generic’ correlation decay?

Crowford, Cowy, Collet, Isola... modes and rates o
decay depend crucially ovw smootihwess properties
of observables

Physica 6D (1983) 223-232
North-Holland Publishing Company

DECAY OF CORRELATIONS IN A CHAOTIC MEASURE-PRESERVING
TRANSFORMATION*

John David CRAWFORD and John R. CARYf
Lawrence Berkeley Laboratory University of California Berkeley, CA 94720, USA

Received 8 March 1982

For a chaotic, area-preserving map on the torus, we study the decay of correlations in detail. Taking as observables the
square-integrable functions, we find examples of decay rates which are algebraic, exponential, and faster than
exponential. For correlations that decay exponentially the rate is sensitive to the choice of function. The implications for
numerical experiments of this nonuniformity in the decay are discussed.










Wailing times and correlations

Corvelation n) ~ Probalbility that two-
pointy, chosenw at randow w-steby apoart
belong to-the same residence sequence

(Y(n)+2¢(n+1)+3Yn+2)---)

C(n) ~ W1>/:D dt/too dr (7)

Chavwmon, Lebowity, Chirikov,Shepelyansky,Karney



P. Dahlquist, R. Artuso / Physics .

Baladi. Eckmann, Ruelle, Dahlgvist, RA

Shovt time dynawmics is
fowr move complex but
asymptotic behavior is
correctly reproduced

log (CCETI

~0.0 1 2
log t

Fig. 2. Experimental correlation function { full line ), for R = 0.318.
The dash-dotted line represents the BER approximation (15).
using a numerical p(4).
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Can(t) = Po(t) (AY) + [1 — Po(£)J(A)* — (A)°
= Py(t) V(A), (11)




Area-preservving map

Prototype exaumple: parabolic fixed point

(0,0) iy o parabolic fixed point

Lewowicg, MacKay, RA, Prampoling Liverani
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O waiting time distribution
<& survival probability
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owr prediction

[Liverani-Mawtens bownd




Associated now trivial transport properties




Statistics of Finite-time Lyapunov

-Detection of small isloands

K=9.26 =—=—-—-
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FIG. 6. The scaling of the variance for an ensemble of 40000
initial conditions uniformly distributed in the square A
={(0.10,0.10),(0.15,0.15)}.

Tomsovic, Lakshminowayownv




Large deviations and corvrelations
Originally proposed for 1d infermittent maps

i) (a)
dx
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witiv corresponding probability distribution Pn
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The ideav is to- conmnect the shwinking of suchy a
tail to- corvrelation decay




Birkhoff averages and correlations

.

Polynomial lawge deviations for bounded

functions




A inlermittent paradigm: Pomean-Mavruneville

<
Tntl = Tp + T,
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Periodic orbity instability growth

Hyperbolic ovbity Ay~ 0"

Sticking ovbity

/

broaden the distribution of
finite-time averages

change the spectral prober
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We claim that looking at probability distributions of finite time largest Lyapunov exponents, and more
precisely studying their large deviation properties, yields an extremely powerful technique to get quantitative
estimates of polynomial decay rates of time correlations and Poincaré recurrences in the-quite-delicate case of
dynamical systems with weak chaotic properties.

check of the performance of the method







Large deviations estimates

z=1.5, £=2.00 = 0.01
z=2.0, £=1.00 = 0.01
z=4.0, £=0.33 = 0.01
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Corwergence to-a normal law z<2
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FIG. 4. (Color online) Decay My (n) (symbols) together with a regression fit (full lines) for map (8) with (a) £=0.5 and y=1 (exponential
rate decay 0.87 =0.01) and (b) £=0 and y=1 (polynomial rate decay 3.05 = 0.05). Both fits were done by starting at n=3000.

Un+1 = Yn T f(ajn) mod 2T,
Tnal = Tn + Ynti mod 27,

x, — (1 —e)sin(x,)]”




Conclusions (if any)

The study of correlations for weakly chaotic
systems i St v hawds problesmv

Large deviations represent o mathemalically

sound approach to- suchv av problem, and a
nuwmerically robust procedure




