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Previous collaborations with Constantino Tsallis

on low dimensional dynamical systems

The quest for understanding the family of ¢ indices

B .. finite entropy production rate
B ¢sen: g-exponential sensitivity of initial conditions
B g,;: g-exponential rate of relaxation processes

B ggq: g-gaussian stationary distribution
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Nonegquilibrium Probabilistic Dynamics of the Logistic Map at the Edge of Chaos
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Gents Gsens Grels Gsiar+ the standard map

Statistical characterization
of the standard map

; = p;i—Ksinyx;
Guiomar Ruiz.”, Ugur:l:i;[ngkli" 3, Ernesto P Borges"® pl+] Pi !
and Constantino Tsallis>®> -xi+l = X; + pi+1
Rate of relaxation of Sy, Stationary distributions

Generalized Pesin identity
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qent, q‘\‘en’ qstar: the Web map
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Statistical characterization of discrete conservative systems: The web map Uipr = Vi
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Linear sensitivity to initial

conditions
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Strong chaos: gewr = Gsen = 1
weak chaos: genr = Gsen = 0

viyr = —u;—Ksinv;

Stationary distributions
Rate of entropy production
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gen: for multidimensional systems
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Entropy evolution at generic power-law edge of chaos
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Entropy production rate
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Logistic map: overshooting and stationary value of S,
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Time evolution of nonadditive entropies: The logistic map
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Symmetrization of a time series

The method splits a given time series

{x;}, tZO,,tf

into two series with regard to the time reversal symmetry ¢ <> (¢ — tr)

Symmetric Series Antisymmetric Series
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An instance: the logistic map x, ;| = 1 — ax?

xp =0.1, 1 =2000
black dots: a = 2, reddots: a = a, = 1 40115518909205 .
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Effect of the final time
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Influence of the control parameter a on A,
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Influence of the control parameter « on (S;) and (A,)

(x0,17) = (0.1,2000)




Influence of the initial condition on the standard deviations o5 and
o, for fixed #




Influence of #; on (05, 0,)

0.8 T T T T T ] 0.8 T T T T T -
0.6F° ‘Figg? x,=0.1 . . o] 0.6F" ,=2000  x,=0.1 L4 o
Foog=2 Rk DL =2001 2

030.4:, =202 '? * o 04f. £,=2002 'hgll’..h’.
0.2 - t,=2003 A# L A02F. =200 ".r-" ]
0 B 0 _— ]
L L 1 L 1 L 1 " ] L L 1 L 1 N I " ]
C T T T a1 T T T g T — ]
0.5F
A0
_0-5_ /A
L 1 . 1 . | ]
0 0.5 1 1.5 2
a
0.8 T
0.6
b e 0. 1,=2000
©6,,1,=2003
4. oty =2000
[ o t,=2003
0.2
| X, =0.1
0
1 1 1
0 0.5 1 1.5 2



Another instance: Sunspots

http://iau.org



Sunspots Cycles

1818-2020 Cycles 7-24
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Cycle 24

Dec 16, 2009 — Dec 16, 2019
Period: 11.0 years

S(t) A(1)
200 . : , ,
— s | Cicle24 " 100 T Cicle 24 '
| — asin’enm T=11.0yr I T=11.0 yr
150 a=sqrt (2 (S())) 501 ‘N H = sqrt @ (A
il T j
= = b ‘ M
= 101 = (L H‘I l\“ “ I‘N
\‘HI M I I i P
50 S0F
b = asin’@r/m)
1 1
-1005 5 10



Happy Birthday, Constantino!



