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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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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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WHAT WE HAVE:

- QUICK STOCHASTIC TOOL TO GENERATE REALISTIC 3D TRAJECTORIES OF TRACERS IN 
HOMOGENEOUS AND ISOTROPIC TURBULENCE, EASY TO GENERALISE FOR DIFFERENT 
APPLICATIONS

- IMPRESSIVE QUANTITATIVE AGREEMENT WITH MULTI-SCALE STATISTICAL PROPERTIES

WHAT WE MISS:

- UNDERSTADING OF ROBUSTNESS IN GENERALISING OUT-OF-SAMPLE:
EXTREME EVENTS, DIFFERENT REYNOLDS NUMBERS, DIFFERENT PARTICLES’ PROPERTIES

-  UNDERSTANDING SCALING PROPERTIES FOR TIME-TO-SOLUTION AT CHANGING IN-SAMPLE
PROPERTIES, I.E. AT CHANGING DIMENSION  OF THE TRAINING DATASET, 
SETS OF HYPER-PARAMETERS,  CNN ARCHITECTURES: GAN, DM,  TRANSFORMERS

-WHAT-IF QUESTIONS: EXPLICABILITY OF THE GENERATED DATA, FEATURES RANKINGS,
PHYSICS DISCOVERY

T. Li,  LB,  F. Bonaccorso,  M. Scarpolini, M.  Buzzicotti. 
Synthetic Lagrangian Turbulence by Generative Diffusion Models. 
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SLIGTHLY SMALLER EFFECTIVE REYNOLDS NUMBER
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⇣(4, ⌧) =
d log S(4)(⌧)

d log S(2)(⌧)

GAUSSIAN – NO INTERMITTENCY

VISCOUS                   |   VISCOUS-INERTIAL |       INERTIAL 
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DEAR CHALRES, THE INFLUENCE OF YOUR WORK ON 
MY SCIENTIFIC CAREER WENT WELL BEYOND THE 

FEW INTERMITTENT SCIENTIFIC COLLABORATION  WE 
HAD TOGETHER. 

MY SCIENTIFIC TRAJECTORY WOULD HAVE NOT BEEN 
THE SAME WITHOUT YOUR SCIENCE, YOUR WORK 

FOR THE COMMUNITY, YOUR SCIENTIFIC VISION AND 
YOUR CONTINUOS SUPPORT. 

I AM PROUD CONSIDER MYSELF A GOOD FRIEND OF 
YOU AND OF YOUR WONDERFUL FAMILY, HAPPY 

BIRTHDAY AND AD MAIORA!

PS: I AM LOOKING FORWARD FOR THE NEXT 
BIRTHDAYS, 


