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STOCHASTIC MODELS FOR LAGRANGIAN TURBULENCE: WHY?
T. Li,  LB,  F. Bonaccorso,  M. Scarpolini, M.  Buzzicotti. 

Synthetic Lagrangian Turbulence by Generative Diffusion Models. 
arXiv:2307.08529 (2023) – Nature Machine Intelligence APRIL 2024

GENERATION OF LARGE SYNTHETIC  DATA-BASE FOR 
(I) RANKING OF  PHYSICS FEATURES
(II) TESTING DOWNSTREAM APPLICATIONS/MODELS

DATA ASSIMILATION/INPAINTING FROM MISSING 
FIELD/EXPERIMENTAL OBERVATION 

CLASSIFICATION/INFERRAL OF MISSING/INTERNAL
PROPERTIES: 
(I) INERTIA
(II) SHAPE
(III) ACTIVE DEGREES OF FREEDOM 
(IV) ….
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GAUSSIAN – NO INTERMITTENCY

VISCOUS                          VISCOUS-INERTIAL        INERTIAL 
• UNIVERSALITY
• SCALE-BY-SCALE
     INTERMITTENCY
• VISCOUS-SCALE
      FLUCTUATIONS
• MF-PREDICTION
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backward proces

forward process

Diffusion Models 
‘Synthetica Lagrangian Turbulence: all you need is Diffusion Models’ T. Li, L.B, F. Bonaccorso, M. Scarpolini
and M. Buzzicotti (arXiv:2307.08529 2023, submitted Nature Machine Intelligence)
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LAGRANGIAN STRUCTURE FUNCTIONS GENERALIZED FLATNESS
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TIME-DEPENDENT 2D TURBULENT FLOWS
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Time-Dependent 2D Turbulent Flow





CHARGED-PARTICLES IN MHD
with R. Grauer & J. Lubcke (Bochum U., GER)

CHARGED-PARTICLES IN 
MHD
with RL. Centurioni 
(UCSD, USA)



WE HAVE NEW TOOLS IN THE BOX!

OPEN  ISSUES:

0. EXPLENABILITY.  VERY FAR, AT THE MOMENT.  COMPUTO ERGO SUM?

1. PROOF-OF-CONCEPTS STAGE.  VERY FEW NEW DISCOVERIES/FAR FROM FRONTIER RESEARCH 

2. GENERALIZABILITY/ROBUSTNESS.   CHANGE ANYTHING, CHANGES EVERYTHING?

3. SCALABILITY. VS NETWORK ARCHITECTURE AND VS CONTROL PHYSICAL PARAMETERS

4. UNCERTAINTY QUANTIFICATION/TRUSTABILITY

WHAT WE MISS:

1. COMMUNITY EFFORT TO: 
• (A) DEPLOY AND MAINTAIN HIGH QUALITY AND HIGH QUANTITY DATA (OPEN)
• (B) IDENTIFY BENCHMARKS, VALIDATION STEPS, BASELINES
• (C) IDENTIFY GRAND CHALLENGES
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