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❖  Introduction to diffusion and its anomalies
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❖ Diffusing Diffusivity models

❖ Effects of non-gaussianity on targeting problems
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The random motion of particles suspended in a medium is 

called Brownian Motion

What Robert Brown saw in his 

microscope ?

• very rapid

• highly irregular

• zigzag motion

• living pollen

• dead pollen

• fine inorganic particles

Display identical motion having a physical 

origin (but which ???)

This motion is not caused by currents 

(flows) in the liquid, nor by convection, nor 

by evaporation of the solvent

“Vital

Force” 

(?)

Particles of Egyptian sphinx



Explanation of Brownian motion – Einstein and Smoluchowksy

➢ Movement of Brownian particles are caused by collisions with molecules

of the solvent

➢ These molecules move erratically in display of their thermal energy, of 

which the temperature is a certain measure

➢ Molecules of the solvent are too little to be observed directly

➢ Particlers of the suspension, even though they are tiny from a human 

point of view, are true giants in comparison withe molecules of the solvent

, and can be observed directly
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BROWNIAN:

GAUSSIAN:

Normal diffusion is BROWNIAN and GAUSSIAN:

 

UBIQUITOUS phenomenon that play a SIGNIFICANT ROLE 

in virtually ALL MOLECULAR PROCESSES
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Perrin wrote that his results "cannot leave any doubt of the rigorous 

exactitude of the formula proposed by Einstein," and his work later 

earned him his own Nobel Prize in Physics, in 1926.



Langevin approach

Newton’s 2° law of motion: 𝑚𝑎 𝑡 = 𝐹(𝑡)

𝑚
𝑑2

𝑑𝑡2 𝑥 𝑡 = −𝛾
𝑑

𝑑𝑡
𝑥 𝑡 + 2𝜎 𝜉(𝑡)

Viscous drag Stochastic forceParticle position at time t

𝑑

𝑑𝑡
𝑥 𝑡 = 2𝐷 𝜉 𝑡

Diffusion coefficient

⟨𝜉(𝑡)𝜉(𝑡’)⟩=𝛿(𝑡-𝑡′)

⟨𝜉(𝑡)⟩=0



Beyond Gaussian Diffusion

Free MotionConfined motion Active Motion



Single particle tracking experiments are  rising new challenges
(powerful immaging techniques such single molecule spectroscopy)

Hofling F and Franosch T

Anomalous transport in the crowded world of 

biological cells

Rep. Progr. Phys. 76 046602 (2013)





Normal diffusions  are all alike; every anomalous 

diffusion is anomalous in its own way 
L. Tolstoi , Anna Karenina (slightly modified )



Diffusion of colloids on phospholipid tubes
Colloidal beads in entangled actin suspensions

Diameter 100 nm a=25-250 nm
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Brownian yet not Gaussian dynamics !!!
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ENSEMBLE BEHAVIOUR IN TERMS OF DISTRIBUTIONS OF  DIFFUSIVITIES OF 

INDIVIDUAL TRACER PARTICLES (SUPERSTATISTICAL APPROACH) 

No crossover to the gaussian behaviour!
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Digitare l'equazione qui.

Minimal Langevin Model for Diffusing Diffusivity

NON INTERACTING PARTICLES DIFFUSE IN ONE DIMENSION:

EACH ONE WITH ITS OWN INSTANTANEOUS DIFFUSION COEFFICIENT 

THAT VARIES WITH TIME

𝑑

𝑑𝑡
𝑥 𝑡 = 2𝐷 𝑡 𝜉(𝑡)

OVERDAMPED LANGEVIN 

EQUATION

𝐷 𝑡 = 𝑦2 𝑡

𝑑𝑦(𝑡) 

𝑑𝑡
= −𝑦(𝑡) + η(𝑡) LINEAR RESTORING TERM (Ornstein-Uhlenbeck)

GUARANTEES POSITIVITY

𝜉(𝑡) = 𝜂(𝑡) = 0
𝜉(𝑡)𝜉(𝑡′) = 𝜂(𝑡)𝜂(𝑡′) = 𝛿(𝑡-𝑡′)

It guarantees stationary dynamics with finite correlation time

Distribution of probability is exponential



Minimal Langevin model for diffusing diffusivities
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(Bochner, 1949)
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Integral formula for 

subordination  (Feller, vol.II) 

𝑑

𝑑𝑡
𝑥 𝑡 = 2𝐷 𝑡 𝜉(𝑡)

A subordinator associates a random time increment 

with the number of steps of the subordinated process

The Fourier transform of 𝑝 𝑥, 𝑡 is

the Laplace transform of the density

function 𝑇(𝜏, 𝑡)

𝝉 𝒕  is the integrated square of 

the Ornstein-Uhlenbeck process

𝑇 𝜏, 𝑡 is the PDF of the process 𝜏(𝑡)
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THOUGH  PROBLEM….BUT
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Short times,  t << 1

  Long times
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Exact solution of the diffusing diffusivity model



From a practical viewpoint:

Why all this matters ? As the non-Gaussian character mostly appears in 

the tails of the distribution, and thus with low probability…

WHICH OF THESE EFFECT IS DOMINANT WHEN 

CONSIDERING TARGETING PROCESSES? 



TARGETING PROCESSES

• Fluorescence quenching

• Integrate and fire neurons

• Execution of buy/sell orders when a stock price firt reach a threshold

• Biology:

• Transcriptor factors

• Drug binding

• Chemical signalling



In manu cases activation is triggered when many searches reach the target 

(robustness), e.g. QUORUM SENSING

MEAN FIRST PASSAGE TIME



𝑃𝑇 𝑥0, 𝑡, 𝐷 = 1 − න 𝑃𝑋 𝑥, 𝑡|𝑥0,𝐷

G

BnG

simulations

Text book on 

stochastic processes:

𝜏𝑇
𝐵𝑛𝐺 𝑥0 > 𝜏𝑇

𝐺 𝑥0, 𝐷𝑎𝑣

The characteristic time to target of a single searcher for subordinated non-

Gaussian diffusion processes is larger than in ordinary Gaussian diffusion!



In other cases activation is triggered when the first searcher reach the target (a 

paradigmatic example is human reproduction, in which a single sperm

cell out of M ∼ 10^8 finds and fertilizes the egg.)

EXTREME FIRST PASSAGE TIME



Extreme FPT is governed by rare trajectories which are the

few among the many to follow a quasi-geodesic path to the target 

The tail effect non-Gaussianity adds to these rare events the 

possibility for the searcher to diffuse faster



EXTREME FIRST  PASSAGE TIME

𝑀 ≫ 1 𝑰𝑵𝑫𝑰𝑷𝑬𝑵𝑫𝑬𝑵𝑻 𝑺𝑬𝑨𝑹𝑪𝑯𝑬𝑹𝑺 𝑾𝑰𝑻𝑯 𝑨𝑹𝑹𝑰𝑽𝑨𝑳 𝑻𝑰𝑴𝑬 𝜏𝑖
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𝑀≫1   suggests that the computation of 𝑃 𝑇𝑀 > 𝑡  can be approximated by the short time 

behaviour  when 𝑆𝐷𝑛
𝑡 ≈ 1



EXTREME FIRST  PASSAGE TIME

Average time to cover a distance l
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▪ We considered processes in which the origin of non-Gaussianity is

ascribed to heterogeneity of the ensembles of diffusers and/or of the

environment

▪ Such heterogeneity implies both an excess of probability in the central

part and in the tails of the displacements distribution, when compared

with the Gaussian one in diverse searchers strongly enhances the fast

targetting of the first few instances

▪ In particular we have shown that a higher probability for few, faster

diffusers, pointing out that a redundant information stored (tail effect)

influences extreme searches

Non-Gaussianity is both disvantageous and advantageous:

• It is disvantageous when dealing with systems in

which a large percentage of searchers need to reach

the target.

• It is advantegeous when only a few searchers, among

many, are required to reach the target

CONCLUSIONS





The most snobbish and exclusive community in 

the world are Oxford Catholics

Scientific Bias: much easier to pubblish with 

the right preprint cover

OXFORD (1096)





UNIVERSITY (1222)



ALUMNI 

William Harvey Vesalius

Falloppio Elena Lucrezia Cornaro

25 June 1678

Tullio Levi Civita 

Galileo Galilei

1592-1610

Torquato Tasso

Janus Pannonius



GENDER UMBALANCE

FIRST FEMALE FULL PROFESSOR

MASSIMILA BALDO CEOLIN  (1963)



GENDER UMBALANCE

FIRST FEMALE RECTOR

DANIELA MAPELLI  (2019)





Whoever has will be given more,

 and they will have an abundance.

 Whoever does not have, 

even what they have will be taken from them

Matthew  13, 12



Permanent position 

being eliminated

Tenure Track

Non permanent
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PADOVA

Department of Physics and Astronomy



78 Administrative and technical staff 
99  Postdocs
150 Ph.D. students

IL PERSONALE

163 Professors 

and Researchers







Video project "International Day

of Women and Girls in Science"

The sisters of heaven. 

Theatrical journey of 

narration, gesture and 

sound

Diversity that makes

science better

With Francesca Vidotto

The play offers a view on 20th century

physics through the eyes

of four female scientists

who were its protagonists, including

Prof. Milla Baldo Ceolin.

Activities 





Inclusion and Diversity Commission 

The Department of Physics and Astronomy has established the
Inclusion and Diversity Commission, dedicated to fostering a
climate of welcome, respect and appreciation of differences within
our community, technical and administrative staff, the student
population and teachers and researchers. The objectives are
Research and monitoring, Training and Awareness.

1. Questionnaire: Identify current obstacles (gender, mobbing),
conducting and making available an analysis of
harassment/bullying to possibly identify areas of intervention to
improve inclusion.

2. Short sessions during department council meetings to address
issues of inclusion and diversity, improving awareness and
understanding of the challenges and opportunities for a more
equitable academic environment.



Inclusion and Diversity Commission

DFA/INAF/INFN PARTECIPANTI %*

STUDENTS 362 15

PHD 57 41

POST DOC 30 30

PROFESSORS 91 79

RTDA/RTDB 36 78

TECHNICAL AND 
ADMINISTRATIVE 

STAFF
78 100

QUESTIONNAIRE COMPLETION PERCENTAGE



UniPD online course

"Equity and inclusion"

The online course "Equity and inclusion" is an initiative promoted by the Gender Equality Plan

and is part of the equal training, culture and science interventions and, at the same time, 

intends to promote awareness of the different forms of harassment, violence and discrimination

and knowledge of the services available in the University for those who suffer them.



November 25, 2024

Play: Uno, Nessuna, Centomila

Flash mob: TOYS? by Anna Piratti



MUSEO GIOVANNI POLENI 















THANK YOU FOR 

YOUR ATTENTION…


	Sezione predefinita
	Diapositiva 1
	Diapositiva 2
	Diapositiva 3: OUTLINE
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9: Beyond Gaussian Diffusion
	Diapositiva 10: Single particle tracking experiments are  rising new challenges (powerful immaging techniques such single molecule spectroscopy)
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21

	Sezione senza titolo
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43: 78 Administrative and technical staff  99  Postdocs 150 Ph.D. students 
	Diapositiva 44
	Diapositiva 45
	Diapositiva 46
	Diapositiva 47
	Diapositiva 48:          Inclusion and Diversity Commission 
	Diapositiva 49: Inclusion and Diversity Commission
	Diapositiva 50: UniPD online course "Equity and inclusion"
	Diapositiva 51:      November 25, 2024
	Diapositiva 52
	Diapositiva 53
	Diapositiva 54
	Diapositiva 55
	Diapositiva 56
	Diapositiva 57
	Diapositiva 58
	Diapositiva 59


