
Constantino Tsallis
Centro Brasileiro de Pesquisas Físicas e Instituto Nacional de 

Ciência e Tecnologia de Sistemas Complexos, Rio de Janeiro, Brasil

Santa Fe Institute, New Mexico, USA

Complexity Science Hub Vienna, Austria

REFLECTIONS OF HALF-A-CENTURY LIFE IN
THE WORLD OF SCIENCE

Rio de Janeiro, November 2023  



[ ]

1

1

1
1

1

:  :        

                     

1ln     ( 0;  ln ln )
1

1 (1 )     ( )
                                        

       
                

:         

q

q

q

qx x x

DEFINITIONS q logarithm

q exponential

xx x x x
q

q x e ee

-

-

-

-

-
º > =

-

º + - =

W

i=1

i=

,      :

       

           

  

1 ln ln

1  ln

  
           ( 1)

             
  

  ln
         ( )

q

i
i

q i q
i

Hence the entropies can be rewritten

equal probabilities generic probabilities

BG en k pk W
p

k W

tropy
q

entropy S
q R

k p
p

=

Î

å

W

1
å

here 



Introduction of “Tsallis entropy” 
in the literature

Introduction of “Tsallis statistics” 
in the literature
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Foundations of Statistical Mechanics: A Deductive Treatment 
(Pergamon, Oxford, 1970), page 167

O. Penrose,
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All happy families are alike; each unhappy family is unhappy in its own way.
Leo Tolstoy (Anna Karenina, 1875-1877) 

EXTENSIVITY	OF	THE	ENTROPY			(N→∞)
W ≡ total	number	of	possibilities	with	nonzero	probability,	
assumed	to	be	equally	probable
If	W(N)∼ µN 			(µ >1)				⇒ SBG(N)= k lnW(N)∝N 												OK !
If	W(N)∼N ρ 			(ρ >0)
															⇒ Sq(N)= k lnqW(N)∝[W(N)]1−q ∝N ρ(1−q)

															⇒ Sq=1−1 ρ(N)∝N 																																																											OK !
If	W(N)∼ν Nγ 			(ν >1;	0<γ <1)
															⇒ Sδ (N)= k 	[lnW(N)]δ ∝Nγ 	δ ⇒ Sδ=1 γ (N)∝N 		OK !
If	W(N)∼D	 lnN 			(D>0)
															⇒ Sλ

C(N)= k 	[eλW (N ) −eλ ]		⇒ Sλ
C(N)∼ kN λD

															⇒ Sλ=1 D
C (N)∝N 																																																														OK !

IMPORTANT: 	 µN >>ν Nγ

>>N ρ >> lnN 				if			N >>1





A theory is the more impressive the greater the
simplicity of its premises is, the more different
kinds of things it relates, and the more extended
is its area of applicability. Therefore the deep
impression that classical thermodynamics made
upon me. It is the only physical theory of
universal content concerning which I am
convinced that, within the framework of
applicability of its basic concepts, it will never be
overthrown. Albert Einstein (1949)
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SLOW CHEMICAL REACTION





Nature | Vol615 | 16March2023 | 425 
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q=1



Nature, 17 May 2023
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LONG – RANGE  INTERACTIONS



J.W. GIBBS
Elementary Principles in Statistical Mechanics - Developed with Especial 
Reference to the Rational Foundation of Thermodynamics
C. Scribner’s Sons, New York, 1902; Yale University Press, New Haven, (1981), 
page 35

In treating of the canonical distribution, we shall always suppose the
multiple integral in equation (92) [the partition function, as we call it
nowadays] to have a finite valued, as otherwise the coefficient of
probability vanishes, and the law of distribution becomes illusory. This
will exclude certain cases, but not such apparently, as will affect the
value of our results with respect to their bearing on thermodynamics.
It will exclude, for instance, cases in which the system or parts of it
can be distributed in unlimited space […]. It also excludes many
cases in which the energy can decrease without limit, as when the
system contains material points which attract one another inversely as
the squares of their distances. […]. For the purposes of a general
discussion, it is sufficient to call attention to the assumption implicitly
involved in the formula (92).
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EXTENSIVE ENERGY
SYSTEMS

NONEXTENSIVE ENERGY
SYSTEMS

dipole-dipole

Newtonian gravitation

dipole-
monopole 

(tid
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)

d-dim
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V (r) ∼ − A
rα      (r →∞)        ( A > 0,   α ≥ 0)

                        integrable if       α / d >1       (short-ranged)
                non-integrable if  0 ≤α / d ≤1        (long-ranged)

HMF                
(inertial XY model)

CLASSICAL LONG-RANGE-INTERACTING MANY-BODY HAMILTONIAN SYSTEMS

 

α -XY
α -Heisenberg 
α -FPU 





d - DIMENSIONAL XY MODEL

L.J.L Cirto, A. Rodriguez, F.D. Nobre and C.T., EPL 123, 30003 (2018)



d - DIMENSIONAL XY MODEL

L.J.L Cirto, A. Rodriguez, F.D. Nobre and C.T., EPL 123, 30003 (2018)



A. Rodriguez, A. Pluchino, U. Tirnakli, 
A. Rapisarda and C. T. 
Symmetry 15, 444 (2023)



		(q≠1)
		(BG)



GRANULAR MATTER





CT and DJ Bukman, PRE 54 (1996) R2197

Combe, Richefeu, Stasiak and Atman 
PRL 115, 238301 (2015)

1/



HIGH ENERGY COLLISIONS



LHC (Large Hadron Collider)
CMS, ALICE, ATLAS and LHCb detectors
~ 4000 scientists/engineers from ~ 200 institutions of ~ 50 countries



C.Y. Wong, G. Wilk, L.J.L. Cirto and C. T., 
EPJ Web of Conferences 90, 04002 (2015), and PRD 91, 114027 (2015) 

SIMPLE APPROACH: TWO-DIMENSIONAL SINGLE RELATIVISTIC FREE PARTICLE

dNdydpT
  = A eq

− ET / T

[A] = GeV−2c3

(A, q, T) = (38, 1, 0.13)
     Boltzmann−Gibbs

2π pT

A / 100

A / 101

A / 102

A / 104

A / 106

[T] = GeV

1 
η∼0

(A, q, T) = (38, 1.150, 0.13)
(A, q, T) = (43, 1.151, 0.13)
(A, q, T) = (30, 1.127, 0.13)
(A, q, T) = (32, 1.125, 0.13)
(A, q, T) = (27, 1.124, 0.13)

CMS  √s = 7  TeV
ATLAS  √s = 7  TeV

CMS √s = 0.9 TeV
ATLAS √s = 0.9 TeV
ALICE √s = 0.9 TeV10−14
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q=1.14±0.015
T =0.13	GeV
		pion	π +mass =0.1396	GeV
		pion	π 0mass =0.1350	GeV
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q=1





First-principle	Yang-Mills/QCD	grounds	yields

																			 1
q−1 =

11
3 Nc −

2
3Nf 				(Deppman,	Megias	and	Menezes	PRD	2020)

								where				Nc ≡ number	of	colors
																								Nf ≡ number	of	flavors
								hence		

																					(Nc ,Nf )= (3,6)	⇒ 	q= 87 !1.14		
																																																													(Deppman,	Megias	and	Menezes	PRD	2020)

																					(Nc ,Nf )= (3,3)	⇒ 	q= 109 !1.11	
																																																													(Walton	and	Rafelski	PRL	2000;	C.T.	2022)

SU(6)

SU(3)





hence   q = 8/7 ~ 1.14

   à         = 15/14 ~ 1.07

gluon

meson

quark

vacuum



RANDOM NETWORKS



11, 1130 (2021) 



q=1+ 13e
1−αA/d



LOW-DIMENSIONAL 

NONLINEAR DYNAMICAL SYSTEMS 



a=ac (Feigenbaum point)a=2 (strong chaos)



M. L. Lyra and C. T. , Phys Rev Lett 80, 53 (1998) 
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A. Vieira (2022)



GRAVITATIONAL SYSTEMS







(C. T. and L.J.L. Cirto 2013,
 H.S. Lima and C. T. 2020)

(C. T. 1988) (C. T. 2009)



DARK MATTER NEUTRINOS



IceCube Neutrino Obervatory (South Pole)





Planck Observatory / ESA







Entropy 2023, 25, 1495



(15 June 2021) 



Original scans of infected lungs (fibrosis)

scans after q-enhanced processing (q=0.5)



World Scientific
World Scientific
www.worldscientific.com
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The book is  devoted to  the 
mathematical foundations of 
nonextensive statistical mechanics. 
This is the first book containing 
the systematic presentation of the 
mathematical theory and concepts 
related to nonextensive statistical 
mechanics, a current generalization 
of Boltzmann-Gibbs statistical 
mechanics introduced in 1988 by one of the authors and based on a 
nonadditive entropic functional extending the usual Boltzmann-Gibbs-
von Neumann-Shannon entropy. Main mathematical tools like the 
q-exponential function, q-Gaussian distribution, q-Fourier transform, 
q-central limit theorems, and other related objects are discussed rigorously 
with detailed mathematical rational. The book also contains recent results 
obtained in this direction and challenging open problems. Each chapter 
is accompanied with additional useful notes including the history of 
development and related bibliographies for further reading.
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C. T., Frontiers in Complex Systems (2023)



local correlations
(SBG  entropic functionnal)
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Yo soy yo y mi circunstancia.

José Ortega y Gasset
        (1883-1955)



SEMIOTICS Charles Sanders Peirce (1839 - 1914)

Logical inferences

Deduction:   All stones in box A are black.
                    Stone Si is from box A.
                    _______________________
                    Stone Si is black.

Induction:     Stone S1 is from box A and it is black.
                     Stone S2 is from box A and it is black.
                     Stone S3 is from box A and it is black.
                     …
                    _______________________
                     All stones in box A are black.       [Giuseppe Peano (1858-1932)]

Abduction:    All stones in box A are black.
                     Stone Si is black.
                     _______________________
                     Stone Si is from box A.



Lucius Annaeus Seneca
        (4 BD – 65 AD)

There is no favorable wind for the sailor who 
does not know to what port he is going
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George Sarton
American historian of science
(1884-1956)

Men of science have made abundant mistakes of every kind; 
their knowledge has improved only because of their gradual 
abandonment of ancient errors, poor approximations, and 
premature conclusions. 

Nunca es tarde si la dicha es buena!



Let me paraphrase Tolstoy in his 
fascinating Anna Karenina:
  
     Detractors are all alike. 
     Collaborators and real friends are so 
     in unique manners, which are all theirs.

La gratitude est la mémoire du cœur!

https://www.orangeamour.fr/blogs/infos/la-gratitude-est-la-memoire-de-notre-coeur

