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Thermofractals and Tsallis Statistics

SELF-SIMILARITY in Thermodynamics

N components which are themselves thermofractal; U = K 4+ E
Characteristic distributions P(E/K) or P(E/U)

Limited range of scale invariance

Recursive relations lead to Tsallis Distributions

1

— =1

P(e) = A{l +(q- 1)@} q>1(Typel); g <1 (Type ll)

Theoretical cases in HEP: Hagedorn's Self-Cosnistent Thermodynamics,
Chew Bootstrap Model

A.D. - PRD 93 (2016) 054001
AD, T Federico, E Megias, DP Menezes, Entropy 20 (2018) 633

3/14



Nuclear
modification
factor within a
dynamical
approach to the
complex entropic
index

Airton Deppman

Outline
Introduction

Thermofractal
and Hagedorn

Thermofractal
structure of
hadrons

Quark dynamics
Dynamical effects
Nuclear

Modification
Factor

Generalization of Hagedorn's Thermodynamics

Hagedorn's Self-Consistent Thermodynamics: Limiting Ty,
p(m) oc m™>?exp(m/ Th)

Nonextensive Generalization: p(m) oc m~>/2 exp,(m/ Ty)
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R. Hagedorn, N. Cimento 3 (1965) 147; AD Physica A 391 (2012) 6380
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Fractal structure of hadrons
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R. P. Baptista et al., EPJA 60 (2024) 93.
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Quark dynamics in the QGP

QFT Renormalizability: dI'/dM =0 (q—1)"' = (11N, — 4N¢/2)/3

Self-energy interactions — complex structure AD, E Megias, DP Menezes, PRD 2020

N.=3
1.16 T T T . T . T
115k Svetitsky calculations consider
Ne=6_ only three quarks: Nf = 3.
L1t 4= 1142001 1 Svetitisky, PRD 37 (1988) 2484
1.13 + 7 D.B. Walton, J. Rafelski, PRL 84 (2000) 31
o
1.12 + ]

1.10 -

1.09

1
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1
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R.P. Baptista et al., EPJA 60 (2024) 93; AI{et al., PRD 2020; E. Megias et al., PLB 845 (2023) 138136
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Quark dynamics

Dynamics in Fractal Spaces: PPE

Plastino-Plastino Equation (PPE): &f = —2Ap)f 8%_ [B

) opj
AR Plastino et al., Phys A 222 (1995) 347

Dynamics of quarks in QGP to nonlocal correlations

af>—a
op;j

)

Boltzmann Eq.: 3£ = C(p)  C(p) o [ dpidp> h[f(p1), f(p)] — h[f(p), h(p2)]

h[f,, ) = ffy  — Fokker-Planck Equation
hlfa,f) = ®qf — (PPE) AD et al., PLB 839 (2023) 137752

Fractal FPE: £ — —Dg A(p)f + BDS [D;; f]
Continuous Approx: Dy f(p) o fqg—; — PPE
Relation: a=1—4(1—q)=1— %

AD et al., Entropy 25 (2023) 1008
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Dynamical effects

Novel approach to Raa based on QGP dynamical effects on parton
momentum. R. Baptista et al., arXiv:2507.11451

Combines Blast-Wave, Tsallis statistics, Cooper-Frye freeze-out

Cooper-Frye freeze-out surface: n ~ 0
shell width AR small
(almost simultaneous freeze-out)

Observed momentum pt in lab-frame
1 o

Moment at parton creation pT

in the local-fluid-frame

Momentum in the local-fluid-frame:
Py = 53 = Lu(p3)
pr — pr = Lu(pT)  PPE with A(p) = A(pr) = Ao exp, [-m7/Tp]
and B const.

Drag effect: pr = pT exp(—ArT)

Diffusion effect: small symmetrical increase in pr distribution —
negligible effects in the average pr
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Nuclear Modification Factor

gVmt coshn f
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RAA(pT) " Neoi(€) dNpp/dprdy Ed3 -
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f(pr) =N [1 +(q - 1) C“?”L“] o

NxE" d=0.69 N/E « E~¢ Exl—ce¢

AD, E. Megias, DP Menezes, PRD (2020)

% (pr) = f(p%) = f (L-u [exp(AT)Lu[pr]]) for AA
f44(pr) = f(p%) = f (pr) for pp

u[p] exp(AT)])

v _af(LoulL
RAA = Ki;‘(l - 6) (1)

Vo

2n)3 (PT)
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Fitted Parameters and Results

Parameters: Do = Ao7, R34, Taa, To
ALICE 2.76 TeV

R, Centr=0-5% R, Centr=5-10% R, Centr=10-20%
1 1= 1
S it N’j
i
o | 0 o 1 0
P, [GeV] P, [GeV]
CMS 5.02 TeV
Ry, Centr=30-50% R, Centr=50-70% R, Centr=70-90%
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Dynamical origin of the log-oscillation
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Assuming pionic fluid:

u=0.9985 c

Effective mass:
Meg ~ 2.7 GeV —
u~0.38c
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Conclusions and Outlook

1) Novel dynamical approach to Raa is proposed.

2) Multiplicity scaling from nonextensivity /thermofractals; parameters
consistent.

3) Future: Full relativistic PPE, numerical solutions including diffusion.

Extend to other observables, energies.

Co-authors: R. Baptista, L. G. Rocha, J. M. C. Pareja - University of S3o
Paulo, Brazil,

T. Bhattacharyya, M. Rybczyniski, Z. Wtodarczyk - Jan Kochanowski
University, Poland

E. Megias - Granada University, Spain

G. Wilk - National Centre For Nuclear Research, Poland
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