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TYPICAL SIMPLE SYSTEMS:

Short-range space-time correlations

e.9., W(N)ocu" (u>1)

Markovian processes (short memory), Additive noise

Strong chaos (positive maximal Lyapunov exponent), Ergodic, Euclidean geometry

Short-range many-body interactions, weakly quantum-entangled subsystems

Linear/homogeneous Fokker-Planck equations, Gausssians

- Boltzmann-Gibbs entropy (additive)

-> Exponential dependences (Boltzmann-Gibbs weight, ...)

TYPICAL COMPLEX SYSTEMS:

Long-range space-time correlations

e.g., W(N)a N” (p>0)

Non-Markovian processes (long memory), Additive and multiplicative noises

Weak chaos (zero maximal Lyapunov exponent), Nonergodic, Multifractal geometry

Long-range many-body interactions, strongly quantum-entangled sybsystems

Nonlinear/inhomogeneous Fokker-Planck equations, g-Gaussians

- Entropy Sq (nonadditive)

- g-exponential dependences (asymptotic power-laws)
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QUANTUM SPHERICALLY-SYMMETRIC POTENTIALS
WITH g-GAUSSIAN GROUND STATES:

Vignat, Plastino, Plastino and Dehesa, 1011.3459 [cond-mat.stat-mech]

g PV v =B () (h=m=1D2)

whereVV(r):—l{lJr D }W"l(r)~—2(v_l)+D (VZI—E)
2 2(v=1) | v (r) r 2

1-v

with v (r) = r'K, (r) (K, (r) = Bessel function of 2nd kind)

I'(v)
For the ground state we obtain:

- 1 _ AP 2 > 2
v (p)| = T =S p* =21,
1+ (q-1pp? | ¢

D+2v+1
1 <
D+ 2v

2
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D=3: Hydrogenoid atom and Newtonian gravitation!
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Abstract. We consider a m-mode solution of the Fermi Pasta Ulam /7 system.
By perturbing it, we study the system as a function of the energy density from a
regime where the solution is stable to a regime where it is unstable, first weakly
and then strongly chaotic. We introduce, as an indicator of stochasticity, the
ratio p (when it is defined) between the second and the first moment of a given
probability distribution. We will show numerically that the transition between
weak and strong chaos can be interpreted as the symmetry breaking of a set
of suitable dynamical variables. Moreover, we show that in the region of weak
chaos there is numerical evidence that the thermostatistic is governed by the
Tsallis distribution.
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Figure 5. Plot on a linear-log scale of the numerical distribution f(¢) (blue
points) fitted with a Tsallis distribution (red) and a Gauss distribution (green)
for N = 128, ¢ = 1 and 5. In both cases the Tsallis and Gaussian distributions
essentially overlap.

M. Leo, R.A. Leo and P. Tempesta, J Stat Mech P04021 (2010)



i g=1.463

f(S)

0.01 -

0.1

o -

-0.1

T

Figure 4. Plot on a linear-log scale of the numerical distribution f(£) (blue
points) fitted with a Tsallis distribution (red) and a Gauss distribution (green)

for N =128 and ¢ = 0.006.
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Transverse-Momentum and Pseudorapidity Distributions of Charged Hadrons
in pp Collisions at \/s = 7 TeV

V. Khachatryan et al. ™
(CMS Collaboration)

(Received 18 May 2010; published 6 July 2010)
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RAPIDITY DISTRIBUTION FOR PROTON PRODUCTION
IN HEAVY-NUCLEI COLLISIONS:

P. Czerski, Int J Mod Phys A 26, 638 (2011)

prediction for LHC
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Occupancy of rotational population in molecular spectra based on nonextensive statistics
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The procedure to obtain gas temperature in plasmas is to fit the experimental rotational spectrum to a theoretical
one based on the Boltzmann distribution. For many systems a single distribution fails to account for the occupation
of the levels. Researchers have improved the fitting by coupling two distributions and obtaining two distinct
temperatures. They assigned the lowest temperature to the gas. Here, we show that these systems should be
described by Tsallis nonextensive statistics and its unique associated temperature. Experimental and simulated
spectra are tested and excellent agreement is obtained.
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A novel least-squares fitting procedure is presented that allows the retrieval of
strain profiles in ion-implanted single crystals using high-resolution X-ray
diffraction. The model is based on the dynamical theory of diffraction, including
a B-spline-based description of the lattice strain. The fitting procedure relies on
the generalized simulated annealing algorithm which, contrarily to most
common least-squares fitting-based methods, allows the global minimum of
the error function (the difference between the experimental and the calculated
curves) to be found extremely quickly. It 1s shown that convergence can be
achieved in a few hundred Monte Carlo steps, i.e. a few seconds. The method 1s
model-independent and allows determination of the strain profile even without
any ‘guess’ regarding its shape. This procedure 1s applied to the determination of
strain profiles in Cs-implanted yttria-stabilized zirconia (YSZ). The strain and
damage profiles of YSZ single crystals implanted at different ion fluences are
analyzed and discussed.
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A novel automatic microcalcification detection technique using Tsallis
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ABSTRACT

This article investigates a novel automatic microcalcification detection method using a
type Il fuzzy index. The thresholding is performed using the Tsallis entropy characterized
by another parameter ‘g’, which depends on the non-extensiveness of a mammogram.
In previous studies, ‘q" was calculated using the histogram distribution, which can lead
to erroneous results when pectoral muscles are included. In this study, we have used
a type Il fuzzy index to find the optimal value of ‘g’. The proposed approach has been
tested on several mammograms. The results suggest that the proposed Tsallis entropy
approach outperforms the two-dimensional non-fuzzy approach and the conventional
Shannon entropy partition approach. Moreover, our thresholding technique is completely

automatic, unlike the methods of previous related works. Without Tsallis entropy

enhancement, detection of microcalcifications is meager: 80.21% Tps (true positives) with
8.1 Fps (false positives), whereas upon introduction of the Tsallis entropy, the results surge

t0 96.55% Tps with 0.4 Fps.
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EXTREME EVENTS IN FINANCIAL RECORDS:

. IBM stock: daily price returns
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Stocks, stock indices, commodities, currency rates

q=1+q, In
q, =0.168

PQ(r) [arb. units|

—_
=

I ||||rr|] TTTI

[—
I:::II

_IIIIIIH] IIIIIII'I] IIIIIﬂ|'| TTTI

a) R, =2

IBM (1962-2010)

IIIII|,|,|,| IIIII|,|,|,| I\I-IIII|,|,| IIIIIIII| IIIII|,|,|,| LI

m

|,|,| ] IIIII|,|,| LI

—
=
[a—
=

T

~El

a

—

|

B

Lol vl g
10 RQ 100

IIIII|,|,| IIIIII,II IIIIII,II IIIIII,II L1

J. Ludescher, C. T. and A. Bunde (2011)



PQ(r) larb. units]

T TTITI

_IIIII|T|'| IIII|'|T|'| IIIIII|T| IIIIIII1

.i

E T T TTT1 T T 1117 | T T T 11
[ O IBM Brent
= O Ba ¥  WI

— ¢ GE ARA

- A KO O sNG
4 DII {> DEK

= v/  FTSE M GBP

— MASDAQ YEN
E_ +  S&PS500 +  SWF
E

IIIII|,|]| IIIIII|,|,| IIII|,|]I| IIIII|,|,|,| IIIIII|,|,| IIIII|,|,|,| IIIIIII‘ Ly

1 III|,|,|,| IIII|,|,|,|,| IIIIII|,|,| LI

=k
=

I

10°

J. Ludescher, C. T. and A. Bunde (2011)



Risk function

(t, Aty _
L
T ||||||-_
|"lll
Il
/
.I'.Ir.lr
1 LA 1l

E; -
10‘:5—
[ R,= 100 RS
]D-}ﬂ ' ""IlllI | "llllulj |
0 10 10
q-2
— -1
W(t:At) =1—|1+ B(q-1At |a
1+ B(q-1t

J. Ludescher, C. T. and A. Bunde (2011)



Milan j. math. 76 (2008), 307-328

(c) 2008 Birkhéauser Verlag Basel/Switzerland
1424-9286/010307-22, published online 14.3.2008 - -
DOT 10.1007 /s00032-008-0087-y I Milan Journal of Mathematics

On a ¢g-Central Limit Theorem
Consistent with Nonextensive
Statistical Mechanics

Sabir Umarov. Constantino Tsallis and Stanly Steinberg

JOURNAL OF MATHEMATICAL PHYSICS 51, 033502 (2010)

Generalization of symmetric a-stable Lévy distributions
for g>1

Sabir Umarov,’ Constantmo Tsallis, 23,0) Murray Gell-Mann,*® and
Stanly Stemberg

Deparrmem of Mathematics, Tufts University, Medford, Massachusetts 02155, USA
2Centro Brasileiro de Pesquisas Fisicas and National Institute of Science and Technology
or Complex Systems, Rua Dr. Xavier Sigaud 150, 22290-150 Rio de Janeiro, Brazil
szm Fe Insrfrure 1399 Hyde Park Road, Santa Fe, New Mexico 87501, USA

Deparrmem of Mathematics and Statistics, University of New Mexico, Albuquerque, New
Mexico 87131, USA

(Received 10 November 2009; accepted 4 January 2010: published online 3 March 2010)



CENTRAL LIMIT THEOREM

NV« _scaled attractor F(x) when summing N — oo (-independent identical random variables

with symmetric distribution f (X) with o, = jdx X[ f (x)]° /I dx [ f(x)]° (Q =2q-1q, = H_qj

3-¢

g=1 [independent]

g=1(ie, Q=29-1 #1) [globally correlated]

F(x) = Gaussian G(x),

F(x) =G, (X) EG( )/(1+q1)(x), with same o, of f(x)

3q4-1

<o G(x) if | x]<<x.(q,2)
O . ~
Q with same o, of f(x) G, (%) () ~Cy /| X |2/(q_1) it x> x.(,2)
(a=2) ., )
Classic CLT with fim,, ; %,(q,2) = e
S. Umarov, C. T. and S. Steinberg, Milan J Math 76, 307 (2008)
F(x) = Levy distribution L, (x) F(x)=1Lg, ,» with same |x[> o asymptotic behavior
with same | x| —> oo behavior ) 2(1‘;‘()1‘_“q()3‘q)
Gogra@eq ) ~Cy 11X
) 2(1-q)-a(3-q)’
Oq 7 G(x) (intermediate regime)
O<a<2) L)~ if | Xk<x. (1) Lgo ~
f(X)~Ca/|X|1+a 2 ; (X)~C;a/|x|(1+a)/(l+aq_a)
if | x> x (1) a2 |
with lim__ , x. (L&) = (distant regime)

Levy-Gnedenko CLT

S. Umarov, C. T., M. Gell-Mann and S. Steinberg
J Math Phys 51, 033502 (2010)




q- GENERALIZED CENTRAL LIMIT THEOREM:

S. Umarov, C.T. and S. Steinberg, Milan J Math 76, 307 (2008)

g-Fourier transform:
. D q-1

(9=1)

(nonlinear!)

For g<1 see K.P. Nelson and S. Umarov, Physica A 389, 2157 (2010)



ON THE INVERSE g-FOURIER TRANSFORM:

- (2-q)

f)=| [ RIIEy) 46| (1<a<2)

Particular case q = 1.

F) == [ FLH0cHDIEY) dE == [ FLTO1E) €™ dé

M. Jauregui and C. T., Phys Lett A (2011), in press



Hilhorst function:

-

[H.J. Hilhorst, JSTAT P 10023 (2010)]

[ [ [@2ED _ A} V(a-2)

ok [1e
Fa(X) =1

1/(g-1
(a-D[ [x[?e _A] 2(q—l>/<q—z>} (@D

if 0<A<|x[e?

if 0<|x[2 D<A

with jw dx f,(x) =1

Particular case: A=0

fo (X) —

1
C, [1+(g-D)x 1"+
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Hilhorst function (g=5/4; A=1)

J
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k
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X
M. Jauregui and C. T., Phys Lett A (2011), in press



g-PLANE WAVES:

1) New representation of Dirac delta:
500 =291 dk e (1<q<2)
27w I | N

1.e.,

[ dx 5(x=x%,) f(x)=f(x,)

M. Jauregui and C. T., J Math Phys 51, 063304 (2010)



standard T

f(x)~Alx]" (|x|>x©; 1€R)

Dirac delta
40 e 03¢ i
N 1/A 027 Lt
. 0.1} . 1
<t~ O 1
@ 0 max
20 101112 1.32'
\ .
i ® Jmax
I .
0 ® e = = = - s
_:.D I I | I
1.0 1.2 1.4 1.6 1.8 2.0
l Grmac

A. Chevreuil, A. Plastino and C. Vignat, J Math Phys 51, 093502 (2010)
M. Mamode, J Math Phys 51, 123509 (2010)

A. Plastino and M.C. Rocca, 1012.1223 [math-ph]
M. Jauregui and C. T., Phys Lett A (2011), in press



2) New representation of 7 :

Archimedes
(c. 287 BC —c. 212 BC)

C(n—k—23)T(k+1)
['(2k + 2)['(n — 2k)

T=mn (—1)F Vn e N

M. Jauregui and C. T., J Math Phys 51, 063304 (2010)



3) g-plane waves are square integrable (0 < g < 3):

with @ = ck

| ) 2
y(x,t) = el satisfies ‘2 Ef’t) _¢? 9 '72 )((>2<,t)

W(x) = N e = N(cos, éx+isin, &x) with | dx|¥(x) =1

Mt g=1 =1l sman

0sf 1 0.5

ro-100 -5 [0 V10015 T—10 -5 \V 10 | 15
—osf v N/ A/ o —osp AT

-1.0

-1.0
0.6,

Y2 —
(9-1) F(lj v

HE J;% 3-4 j

2(q-1) ) Y0 15 2;10 25 30

M. Jauregui and C. T., J Math Phys 51, 063304 (2010)




week ending
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Nonlinear Relativistic and Quantum Equations with a Common Type of Solution

F.D. Nobre." M. A. Rego-Monteim,l and C. Tsallis'?
'Centro Brasileiro de Pesquisas Fisicas and National Institute of Science and Technology for Complex Systems,
Rua Xavier Sigaud 150, 22290-180 Rio de Janeiro—RJ Brazil

2Santa Fe Institute, 1399 Hyde Park Road, Santa Fe, New Mexico 87501, USA
(Received 25 October 2010; published 4 April 2011)

Generalizations of the three main equations of quantum physics, namely, the Schrodinger, Klein-
Gordon, and Dirac equations, are proposed. Nonlinear terms, characterized by exponents depending on an
index ¢, are considered in such a way that the standard linear equations are recovered in the limit g — 1.
Interestingly, these equations present a common, solitonlike, traveling solution, which is written in terms
of the g-exponential function that naturally emerges within nonextensive statistical mechanics. In all
cases, the well-known Einstein energy-momentum relation is preserved for arbitrary values of g.




4) q—generalized Schroedinger equation
(quantum non-relativistic spinless free particle)

(k1) o (k)]
X, 1 2 X, 1
2 1y (q < R)
ot| @, 2—02m D,
Its exact solution is given by
-\ i(ﬁ _ Y—Et)/h B i(? . Y—a)t)
O (x,t) =D, & =D, €,
p’ \
E=—(Newtonian relation!)
2m
with E=lw > V(Q
p =7k

F.D. Nobre, M.A. Rego-Monteiro and C. T., Phys Rev Lett 106, 140601 (2011)



By defining

Energy operator E = 17D,

Momentum operator = E)n = —1hD,_ (n=X,Y,2)

with D, f(u)=[f(u)]" % df (u)/du .

We verify

E el = E ™) with E = e Vg
pn e~ =p, el with p:hk vq!

F.D. Nobre, M.A. Rego-Monteiro and C. T., Phys Rev Lett 106, 140601 (2011)



5) g-generalized Klein-Gordon equation:
(quantum relativistic spinless free particle: e.g., mesons r)

5 - B ~ \ 72(9-1)
LT e iy 2

vzcb()?,t) - (g eR)

Its exact solution is given by

i(ﬁ . X-Et) /h

(%)= D, € _p e
with

E°=p°c®+m°® (vq) (Einstein relation!)

Particular case: m=0 = g-plane waves

F.D. Nobre, M.A. Rego-Monteiro and C. T., Phys Rev Lett 106, 140601 (2011)



5) g-generalized Dirac equation:
(quantum relativistic spin 1/2 matter and anti-matter free particles:
e.g., electron and positron)

ihaCbﬁ(tx’t)Jrihc(&ﬁ)q)(i,t): ,BmczA(q)(i,t) @(;(,t) (qeR)
with
~ (0o} (10 4o d i
o= =0 'B:[O _J (4 x4 matrices)
(@ [y _q)i(;(’t)_q_l 1) (v -
Al (x,t)zé“ij - (A(ij?(x,t):é‘ij) (4 x 4 matrix)
J

where {a; } are complex constants.
F.D. Nobre, M.A. Rego-Monteiro and C. T., Phys Rev Lett 106, 140601 (2011)



Its exact solution is given by

2 a))
q)l(x’t) (3 ) (a,)
D, (x,t P i
(D(;(),t)E 2(_} ) _ :2 e(I:I(pX Et)/h _ :2 e(lq(kX cot)
CDS(X,’[) 3 3
- \ &4 ) \ &4 )
\(D4(X,'[))
(a,)
with 22 being the same Vg
3
\ &4 )
hence

E°=p°c®+m°c* (qeR) (Einstein relation!)

F.D. Nobre, M.A. Rego-Monteiro and C. T., Phys Rev Lett 106, 140601 (2011)
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