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Thermofractals and Tsallis Statistics

SELF-SIMILARITY in Thermodynamics

N components which are themselves thermofractal; U = K + E

Characteristic distributions P(E/K) or P(E/U)

Limited range of scale invariance

Recursive relations lead to Tsallis Distributions

P(ε) = A

[
1 + (q − 1) ε

NkBτ

]− 1
q−1

q > 1 (Type I); q < 1 (Type II)

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

A.D. - PRD 93 (2016) 054001
AD, T Federico, E Meǵıas, DP Menezes, Entropy 20 (2018) 633
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Generalization of Hagedorn’s Thermodynamics
Hagedorn’s Self-Consistent Thermodynamics: Limiting TH ,
ρ(m) ∝ m−5/2exp(m/TH)

Nonextensive Generalization: ρ(m) ∝ m−5/2 expq(m/TH)

R. Hagedorn, N. Cimento 3 (1965) 147; AD Physica A 391 (2012) 6380
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Fractal structure of hadrons

R. P. Baptista et al., EPJA 60 (2024) 93.
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Quark dynamics in the QGP

QFT Renormalizability: dΓ/dM = 0

Self-energy interactions → complex structure

(q − 1)−1 = (11Nc − 4Nf /2)/3

AD, E Meǵıas, DP Menezes, PRD 2020

Svetitsky calculations consider

only three quarks: Nf = 3.

Svetitisky, PRD 37 (1988) 2484

D.B. Walton, J. Rafelski, PRL 84 (2000) 31

R.P. Baptista et al., EPJA 60 (2024) 93; AD et al., PRD 2020; E. Megias et al., PLB 845 (2023) 138136
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Dynamics in Fractal Spaces: PPE

Plastino-Plastino Equation (PPE): ∂f
∂t

= − ∂A(p)f
∂pi

+ ∂
∂pi

[
B ∂f 2−q

∂pj

]
Dynamics of quarks in QGP to nonlocal correlations

Boltzmann Eq.: ∂f
∂t

= C(p) C(p) ∝
∫
dp1dp2 h[f (p1), f (p)]− h[f (p), h(p2)]

h[fa, fb] = fafb → Fokker-Planck Equation

h[fa, fb] = fa ⊗q fb → (PPE) AD et al., PLB 839 (2023) 137752

Fractal FPE: ∂f
∂t

= −Dα
piA(p)f + BDα

pi

[
Dα

pj f
]

Continuous Approx: Dα
p f (p) ∝ f q ∂f

∂p
→ PPE

Relation: α = 1 − d
2

(1 − q) = 1 − d−df
d

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

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.

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

Cooper-Frye freeze-out surface: η ∼ 0
shell width ∆R small
(almost simultaneous freeze-out)

Observed momentum pT in lab-frame

Moment at parton creation poT
in the local-fluid-frame

Momentum in the local-fluid-frame:
poT → p̄oT = Lu(poT )
pT → p̄T = Lu(pT ) PPE with A(p) = A(pT ) = Ao expq [−m̄T /TD ]

and B const.

Drag effect: p̄T = p̄o
T exp(−Aτ)

Diffusion effect: small symmetrical increase in p̄T distribution →
negligible effects in the average pT

R. Baptista et al., arXiv:2507.11451
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Nuclear Modification Factor

RAA(pT ) = 1
Ncoll (ϵ)

dNAA/dpT dy
dNpp/dpT dy

. E dN
d3p

= gVmT cosh η

(2π)3
f (pT )

f (pT ) = N
[
1 + (q − 1)mT cosh η′−µ

T

]− q
q−1

N ∝ E 1−d d = 0.69 N/E ∝ E−d E ∝ 1 − ϵ

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

f AA(pT ) = f (po
T ) = f (L−u [exp(Aτ)Lu[pT ]]) for AA

f AA(pT ) = f (po
T ) = f (pT ) for pp

RAA = K VAA
Vpp

(1 − ϵ)−d f (L−u [Lu [p] exp(Aτ)])
f (pT )
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Fitted Parameters and Results

Parameters: D0 = A0τ , R0
AA, TAA, TD

ALICE 2.76 TeV

CMS 5.02 TeV
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Dynamical origin of the log-oscillation

Assuming pionic fluid:
u = 0.9985 c

Effective mass:
meff ∼ 2.7 GeV →
u ∼ 0.8 c
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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 São
Paulo, Brazil,
T. Bhattacharyya, M. Rybczyński, Z. W lodarczyk - Jan Kochanowski
University, Poland
E. Meǵıas - Granada University, Spain
G. Wilk - National Centre For Nuclear Research, Poland

THANK YOU
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