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Rényi’s probability school and
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I. Rényi and

© Diplom E6tvos Univ. Supervisor: L. Fejér 1944

© Doctorate, Szeged Univ. Supervisor: F. Riesz 1945
On a Stieltjes-type integral (on summability of
Cauchy-Fourier series)

© A. Rényi: On a Tauberian theorem of O. Széasz, Acta Univ.
Szeged (1946)

© Candidate degree, Leningrad. Supervisor:

1947

@ A. Rényi: On the representation of an even number as the
sum of a single prime and a single almost-prime number,
Soviet Mathematics-Doklady (1946)
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Il. My encounter with the mechanical theory of
Brownian motion
@ 1971: Candidate degree. Supervisor: B. V. Gnedenko

© 1970: Dobrushin in Druskininkai: Markov Random Fields
*
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Il. My encounter with the mechanical theory of
Brownian motion
@ 1971: Candidate degree. Supervisor: B. V. Gnedenko

© 1970: Dobrushin in Druskininkai: Markov Random Fields
*
© 1973: European Meetlng of Statlst|0|ans Budapest, 1972

Z. Cieselski on 1D ideal gas of identical particles:
e cquilibrium: Harris (1965), Spitzer (1969). Wiener limit
® non-equilibrium: Szatzschneider (1975). Non-Wiener limit
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Il. My encounter with the mechanical theory of
Brownian motion
@ 1971: Candidate degree. Supervisor: B. V. Gnedenko

© 1970: Dobrushin in Druskininkai: Markov Random Fields
*

© 1973: European Meetlng of Statlst|0|ans Budapest, 1972

Z. Cieselski on 1D ideal gas of identical particles:
e cquilibrium: Harris (1965), Spitzer (1969). Wiener limit
® non-equilibrium: Szatzschneider (1975). Non-Wiener limit
© 1975: Talk at Dobrushin-Sinai seminar
Major-Sz. AP, (1980): general 1D non-equilibrium model
Family of Gaussian limits
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lll. Early MathStatPhys in Hungary

1972-: Learning seminar in Math. Institute on
Preston: Gibbs States on Countable Sets (Holley Inequ.)

A. Kramli: 1970-73, Grad studies with Sinai

J. Fritz: from early 70’s, interaction w Dobrushin on
information theory and later on MathStatPhys

P. Major: papers with Dobrushin, Shlosman, Bleher
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lll. Early MathStatPhys in Hungary

1972-: Learning seminar in Math. Institute on
Preston: Gibbs States on Countable Sets (Holley Inequ.)

A. Kramli: 1970-73, Grad studies with Sinai

J. Fritz: from early 70’s, interaction w Dobrushin on
information theory and later on MathStatPhys

P. Major: papers with Dobrushin, Shlosman, Bleher

1976: Sinai: 6 talks about Theory of Phase Transitions
(1982: Akadémiai Kiadd, 1983: Gelfand’s seminar!) %
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Some other classy directions of research in
probability in Hungary

Limit theorems
Information theory
Statistics
Dynamical systems

Applications in branches of mathematics

® Discrete mathematics
® Random fractals
®* Random matrices

® Number theory
° P
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lll. Early MathStatPhys in Hungary

1972-: Learning seminar in Math. Institute on
Preston: Gibbs States on Countable Sets (Holley Inequ.)

A. Kramli: 1970-73, Grad studies with Sinai

J. Fritz: from early 70’s, interaction w Dobrushin on
information theory and later on MathStatPhys

P. Major: papers with Dobrushin, Shlosman, Bleher

1976: Sinai: 6 talks about Theory of Phase Transitions
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lll. Early MathStatPhys in Hungary

1972-: Learning seminar in Math. Institute on
Preston: Gibbs States on Countable Sets (Holley Inequ.)

A. Kramli: 1970-73, Grad studies with Sinai

J. Fritz: from early 70’s, interaction w Dobrushin on
information theory and later on MathStatPhys

P. Major: papers with Dobrushin, Shlosman, Bleher
1976: Sinai: 6 talks about Theory of Phase Transitions
(1982: Akadémiai Kiadd, 1983: Gelfand’s seminar!) %

e 1979: Esztergom Conference on Random Fields
(Aizenman, Araki, Dobrushin, Fréhlich, Holley, Jaffe,
Jona-Lasinio, Lebowitz, Papanicolau, B. Simon, Spohn,
Stroock, ...) %
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IV. My encounter with Balint, 1981

e B. Toth: The Ruelle-Takens theory of turbulence, The
Chaos, 1981 %

e Sz.-B. Téth: Persistent RW in 1D random environment JSP
(1984)
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IV. My encounter with Balint, 1981

e B. Toth: The Ruelle-Takens theory of turbulence, The
Chaos, 1981 %

e Sz.-B. Téth: Persistent RW in 1D random environment JSP
(1984)

1984: Koszeg Conference on StatPhys and Dynamical
Systems (Aizenman, Araki, Bricmont, Collet, Daubechies,
Dobrushin, P. Ferrari, Higuchi, Katok, Kipnis, Kupiainen,
Lanford, Lawler, Lebowitz, Papanicolau, Presutti, Spohn, ...)
*
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IV. My encounter with Balint, 1981

e B. Toth: The Ruelle-Takens theory of turbulence, The
Chaos, 1981 %

e Sz.-B. Téth: Persistent RW in 1D random environment JSP
(1984)

1984: Koszeg Conference on StatPhys and Dynamical
Systems (Aizenman, Araki, Bricmont, Collet, Daubechies,
Dobrushin, P. Ferrari, Higuchi, Katok, Kipnis, Kupiainen,
Lanford, Lawler, Lebowitz, Papanicolau, Presutti, Spohn, ...)
*

e B. Téth: Lower bound for the critical probability of the
square-lattice site percolation, ZW (1985)

e B. Téth: Persistent RW’s in random environment, D > 1,
PThRF (1986)
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V. Rayleigh gas

1985: Turan Memorial Lectures by Sinai: Lecture 2.
Mechanical models of Brownian motion (D = 1) %
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V. Rayleigh gas

1985: Turdan Memorial Lectures by Sinai: Lecture 2.
Mechanical models of Brownian motion (D = 1) %

Topic: 1D Rayleigh gas
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Harris(1965) and Spitzer(1968): M = m =1
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V/2: Rayleigh gas. The model.

Minchhausen phase space:
X=RxQ={x=(V,w)|VeRw=(q),V)ic € Q}
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V/2: Rayleigh gas. The model.

Minchhausen phase space:

X=RxQ={x=(V,w)|VeRw=(q),V)ic € Q}
Dynamics: uniform motion & elastic collision

+ _ M- + _ 2M \/— M—1,,—
Ve =TV v V=gtV - Y
SM. ¥ - %

u]
]
I
ul
it

10/23



Content Moscow Early StatPhys Early Balint Rayleigh General Lorentz Balint's +
o] 000 o]

(e} [e] Jole] 0000 (e} 00000

V/2: Rayleigh gas. The model.

Minchhausen phase space:
X=RxQ={x=(V,w)|VeRw=(q),V)ic € Q}
Dynamics: uniform motion & elastic collision

T M- Y oMy M1,
Ve =TV v VT =gV - v
SM. ¥ - %X

Gibbs (invariant) measure: ;M (d(V,w)) = dFM(V)v(dw),
where v is Poisson measure on Q of intensity dxdF'(v)

and dFM(V) = /M oxp (- 4°) (M >0)
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V/2: Rayleigh gas. The model.

Minchhausen phase space:
¥=RxQ= {x: (V,w)\V eRw= (C],'7 Vi)iE/ S Q}
Dynamics: uniform motion & elastic collision

T M- Y oMy M1,
Ve =TV v VT =g VT - v Y
SM. ¥ - %X

Gibbs (invariant) measure: ;M (d(V,w)) = dFM(V)v(dw),
where v is Poisson measure on Q of intensity dxdF'(v)
and dFM(V) = /& exp(—%) (M >0)

Notations: V(x) =V, w(¥)=w

V(%) = V(SM()) and QM(») = fot VM(#)ds
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V/2: Rayleigh gas. The model.

Minchhausen phase space:
¥=RxQ= {x: (V,w)\V eRw= (C],'7 Vi)iE/ S Q}
Dynamics: uniform motion & elastic collision

M1 Y oM \— M1,
Vi =TmV v VT =gV - vV
SM. ¥ - %X

Gibbs (invariant) measure: ;M (d(V,w)) = dFM(V)v(dw),
where v is Poisson measure on Q of intensity dxdF'(v)

and dFM(V) = \/Eexp(—%) (M > 0)

Notations: V(x) =V, w(¥)=w
VM (%) = V(SM(x)) and Q{VI(% fot VM(x)ds
TASK: understand Iim,LHoo f L (at least: IuthmE( i a,zw)

Harris, Spitzer (M — m — 1): (3/%’ = W as A— oo
(02 =1/2)

ey
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V/3: Rayleigh gas: variance bounds

Theorem (Sinai-Soloveitchik (1986), Sz-T6th (1986))
For0 < M < >
(Q{VI)Z (QM)Z

g2 = (\/g) = Ilmlnf]ET S ||msupIEtT 252 (: 0‘12) <
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V/3: Rayleigh gas: variance bounds

Theorem (Sinai-Soloveitchik (1986), Sz-Toth (1986))
For0 <M <

My2 M2
QQ = (\/g) = ||m|nf]E@ S ||msupE@ :52 (: 0.12) <

Computer results:

e Omerti-Ronchetti-Dirr(1986): limy_oo oy = o
Contradicting Lebowitz-Goldstein-Diirr: 0%, = 0%?
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V/3: Rayleigh gas: variance bounds

Theorem (Sinai-Soloveitchik (1986), Sz-Toth (1986))
For0 <M <

My2 M2
QQ = (\/g) = ||m|nf]E@ S ||msupE(QtT) :52 (: 0.12) <

Computer results:

e Omerti-Ronchetti-Dirr(1986): limy_oo oy = o
Contradicting Lebowitz-Goldstein-Diirr: 0%, = 0%?

e Khasin(1987): M # 1 Non-Gaussian limit
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V/3: Rayleigh gas: variance bounds

Theorem (Sinai-Soloveitchik (1986), Sz-Toth (1986))
For0 < M < >

My2 M2
Q2 = (\/g) = I|m|nfE(Q;) < lim supIE(Q’;) _ =2 (: 0_12) <

Computer results:
e Omerti-Ronchetti-Dirr(1986): limpy_ aM =0
Contradicting Lebowitz-Goldstein-Dirr: 02, = 02?
e Khasin(1987): M # 1 Non-Gaussian limit
. Boldrighini Frigio- Tognetti(2002)
~ .627 < ||mM_>00M—UO ~ .74 <o =.798
(contradlctmg limy_0 02 = 042)
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Rayleigh
V/3: Rayleigh gas: variance bounds
Theorem (Sinai-Soloveitchik (1986), Sz-Toth (1986))
For0 <M <
Q)

My2
QZ = (\/g) = ||m|anE(Q;) < ||msup]E(); _ =2 (: 0_12) <

Computer results:

e Omerti-Ronchetti-Dirr(1986): limy_oo oy = o
Contradicting Lebowitz-Goldstein-Dirr: 02, = 02?

e Khasin(1987): M # 1 Non-Gaussian limit

e Boldrighini-Frigio-Tognetti(2002):
gz ~ .627 < limp_o 0,2\/, = 08 ~ .74 <% =.798
(contradicting limy_,0 0% = 712)

e Fernandez-Marro(1993): LTT for velocity ACF: t—2, t—3
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Péter Balint-Balint Toth-I. Péter T6th (2017):
limiting model when M — 0.

On the Zero Mass Limit of Tagged Particle Diffusion 667

038 4
0.75 4

074

06 T T T 1
0.01 0.1 1 10 100

Fig. 2. Qualitative dependence M +> rff, suggested by earlier numerical works.
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Rayleigh: General picture, D = 1: Sz-T(1987)

M(A)

. Q
Goal: understand lima_, %

:M{A)—=0
CM{A =M
< M{A) << A
:M(A)=m-A
CM{A)>A

oo W

v
N

-
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Some cases
* M(A) = M: Conjecture: As A — oo, f = TM where TV
is a process w stationary increments and variance aM.
NB: Harris, Spitzer: T' = W7
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Some cases
* M(A) = M: Conjecture: As A — oo, f = TM where TV
is a process w stationary increments and variance aM.
NB: Harris, Spitzer: T' = W7
e 1 < MA) <A

. QM(A) 2
Conjecture: As A — o,

A fon
VA =

Theorem (Sz.-Toth (1987))
If A2+e < M(A) < A withe > 0, then - as A — oo -

M(A

VA

Method: Coupling
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Some cases
* M(A) = M: Conjecture: As A — oo, f = TM where TV
is a process w stationary increments and variance aM.
NB: Harris, Spitzer: T' = W7

e 1< MA) < A:
. QM(A) 2
Conjecture: As A — o, \A/Z = W2

Theorem (Sz.-Toth (1987))
If A2+e < M(A) < A withe > 0, then - as A — oo -
M(A)
QA N WQZ

VA

Method: Coupling
CcA
© M(A) = cA: Holley(1971): VAVE! = 1°, &A= ¢

where 7€ is an Ornstein-Uhlenbeck process
14/23
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Rayleigh D = 1

(14, 17): S-S(1986), Sz-T(1986) Ref. 8: Holley (1971)

A -lszr_M)._., A —uzQzI_u)g
d=1
Expected Proved® Proved?
M(A)<1 we n Explodes
MAy=M ™ ” Wav
Only known!'*!7): Also known:
<0y <d G ~M72 (M -0)
Gu—=a’ (M- x)
&= (1+1/M)Y2 63,
l<M(A)<A we n we
Known if M(A)> A *¢
M(A)=mA s Ref. 8 &™ (Ref. 8)
M(A)> A 0 Trivial 0
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Rayleigh D > 1
Ref. 5: Durr-Goldstein-Lebowitz(1981)

A- in{w = A mQ:l_u) =
d>1
Expected Proved® Proved®
M(A)<1 7 ” Explodes
M(A)=M Woin 2 Wl
o> 04k ” -
1< M(A)<A Wear 7 Wear
Only if M(A4)3> A/2+¢
M(A)=mAd R Ref. 5 ¢ (Ref. 5)
M(A)> A 0 Trivial 0 trivial
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Random Lorentz gas

It is the Rayleigh gas when m = oo (and 0 < M < o0).

Difficulty: in RLG, memory effects are more substantial.
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Random Lorentz gas

It is the Rayleigh gas when m = oo (and 0 < M < o0).

Difficulty: in RLG, memory effects are more substantial.

Lutsko, C., T6th, B. Invariance Principle for the Random
Lorentz Gas-Beyond the Boltzmann-Grad Limit. CMP (2020)
D = 3, Boltzmann-Grad scaling, diffusive limit,
T = o((r]logr])~?).
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Periodic Lorentz Process, infinite horizon case

Marklof, J., Téth, B. (2016), D > 2,
Boltzmann-Grad scaling, superdiffusive normalization /T log T
rather than diffusive v/T (cf. Bleher(1992)

18/23



Content Moscow Early StatPhys Early Balint Rayleigh General Lorentz Balint's +
o] [e]e] 000 o] 0000 0000 oe 00000

Periodic Lorentz Process, infinite horizon case

Marklof, J., Téth, B. (2016), D > 2,
Boltzmann-Grad scaling, superdiffusive normalization /T log T
rather than diffusive v/T (cf. Bleher(1992)

D = 2, superdiffusive normalization /T log T, fixed scatterer
size (!)

Sz-Varju(2007): LT for discrete time process using Young
towers
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Periodic Lorentz Process, infinite horizon case

Marklof, J., Téth, B. (2016), D > 2,
Boltzmann-Grad scaling, superdiffusive normalization /T log T
rather than diffusive v/T (cf. Bleher(1992)

D = 2, superdiffusive normalization /T log T, fixed scatterer
size (!)

Sz-Varju(2007): LT for discrete time process using Young
towers

Dolgopyat-Chernov(2009): LT for flow & exp. correlation
decay(!) using standard pairs

18/23
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Balint’s wide spectrum of interests

Dynamical theory of Brownian Motion. Diffusion in
deterministic dynamics

Stochastic representations of quantum spin systems (in
particular, stirring process, long cycle conjecture)
Anomalous diffusion of random processes with long-range
memory (in particular, Brownian web (Balint and Wendelin
Werner))

Hydrodynamic limits of hyperbolic interacting particle
systems
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Balint Téth - The Mathematics Genealogy Project
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Society.

Continue  Learm

Balint Téth
MathSciNet

Ph.D. Hungarian Academy of Sciences 1988

Dissertation: On Dynamical Theories of Brownian Motion:
Mechanical and Probabilistic Models

Aservice of the
NDSU Department

Name School Year Descendants
Balazs, Technical University of
Marton Budapest B 7
Valk, Technical University of 500,

M in
association with the  Benedek Budapest

Rath, Balazs Technology and 2010
Economics
Budapest University of

Vet6, Balint ~ Technology and 20m
Economics
Université Paris-Sud XI -

Dumaz, Laure Orsay 2012 1
Budapest University of

Rudas, Anna  Technology and 2013
Economics
Budapest University of

Horvath, llles Technology and 2015
Economics

Davidson, " " N

Angus University of Bristol 2018

Maxey-
Hawkins, Fel

Subject 60— ity theory and
s(cchastlc processes

Advisor: Domokos Szasz

Students:
Click here to see the students ordered by family name.

Budapest University of

lix University of Bristol 2022

According to our current on-line database, Balint Téth has 9
2nts and 21 descendants.
me any additional information.

Lorentz
oo

Balint's +
0@000

20/23



Content Moscow Early StatPhys Early Balint Rayleigh General Lorentz Balint's +
o] [e]e] 000 o]

0000 0000 (e} 0000

21/28



Content Moscow Early StatPhys Early Balint Rayleigh General Lorentz Bélint's +
[e] (e} 000 [e] 0000 0000 (e} [ele]e] lo}

22/23



Content Moscow Early StatPhys Early Balint
[e] (e} 000 [e]

Rayleigh General
0000 0000

Lorentz
oo

Balint's +
0000e

** HAPPY BIRTHDAY
% BALINT! *¢
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