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Plan seminarium

. Sukcesy tradycyjnego modelu

'Continuous-Time Random Walk' (CTRW)

. 'Multifractal Continuous-Time Random Walk' (MCTRW)
. Heurystyczne rozszerzenie modelu MCTRW
. Od MCTRW do termodynamiki

. Konkluzje 1 co dalej?



Transport dyspersyjny
w materialach amorficznych

EXPERIMENTAL BASIS
OF ANOMALOUS TRANSPORT AND DIFFUSION
IN CONDENSED MATTER

Scharfe: PR B (1970), Pfister: PRL (1974, 1976),
Pfister and Scher: PR B (1977)

Experimental setup for xerographic copying process:
transient photoconductivity measurement
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Measurement of time-dependent currentil(-i)-
induced by holes moving across the sample



Universality of current shape for amorphous binary
chalcogenide a-As,Se;: transient current vs. time

Log-log plots of (relative) hole transient current I(t)/I(t;) vs. (relative) time t/t;
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Hole drift velocity vs. inverse temperature
for amorphous a-As,Se;
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Semilog plot of hole drift velocity vy vs. inverse temperature 1/T



Transient photocurrent [a.u.]

Campbell: J. Appl. Phys. (1998)
Photocurrent in OLED (Organic Light Emitted Diode)
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Log-log plot of electron transient current I(t) vs. time t



Gig¢tkie wyswietlacze OLED
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PROTOTYP GIETKIEGO WYSWIETLACZA wideo opracowany w Universal
Display Corporation nadaje nowe znaczenie stowom wruchomy obraz",



I Z.alozenia tradycyjnego modelu CTRW

I 1. Energetic landscape:
p(e) ~ exp(- € /<e >)
2. Poisson, conditional Pausing-Time Distribution (PTD):

y(tle) ~ exp(- t/t(e))

3. Arrhenius law:

I'(e)~1/tr(g) ~ exp(- €/KkT)



Random-trap or random-valley model

M. Kozlowska, R.K., Anomalous transport and diffusion versus extreme
value theory, Physica A 357 (2005) 282-304
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Non-Gaussian, broad carrier propagator in an electric field
and the corresponding current

=)

GlL—A, ) /Omax -
N PO M Bo N PO 0 P DO N B 1

o

O

Relative propagator G(l-le,t)/Gu. for the carrier package vs. relative distance VN
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Plot of (relative) transient current I(t)/I(t,) vs. relative time t/t, for a propagating
non-Gaussian, broad package



Gaussian carrier propagator in an electric field
and the corresponding current
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Relative propagator G(1-16,t)/Gmax for the carrier package vs. relative distance VN
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Plot of (relative) tréﬁsient current I(t)/I(t,) vs. relative time tJ’tﬁT for a propagating
Gaussian package



Pelna PTD oraz
prawdopodobienstwa skumulowane
Pelna PTD, dlat — oo:

w(t) = [w(tle) p(e) de ~ 1/, a=kT/<e> <1
0

Prawdopodobienstwa skumulowane:

¥ (tle)=J, w(t'e)dr

V()= wit'le)ple)dt'= [ witdt



Momenty czasowe dowolnego rz¢du
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Pelen sukcesow kierunek badawczy
oparty na wykladniczej postaci p(g)
obejmujacy:

hierarchicznosc, samopodobienstwo
1 Samopowinowactwo,
relacje skalowania, RG, singularnosc,
bezskalowos¢, DSI 1 log-periodycznosc,
poszerzone rozklady (grube ogony),
rzadkie 1 ekstremalne zdarzenia



I 'Multifractal Continuous-Time Random Walk'
podejscie oparte na 'stretched exponential' p(€)

Izomorfizm pomi¢dzy 'random-trap (random-valley) model’

a strukturg obrotow kontraktami futures

Conditionol XTD (1 E€): qestodd prowdopodobionstwo. , it
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Prawdopodobienstwo skumulowane: zagadka

F. Mainardi, M. Raberto, R. Gorenflo, E. Scalas, Physica A 287 (2000) 486

Czestosc skumulowana
—

10

100 1000

Czas miedzytransakcyjny




MCTRW: formula based on
'stretched exponential' p(g)

p(e)~exp(—;(‘5_“‘) o> 1

O

Moment rz¢du q (using 'saddle-point approximation'(SPA)):

<tq> NLAq_|_qo</o< 1)
I'(1+gq)

,x>1,g=0,

X

L=exp(b), b=2" (« —1>( 3) ;\_“—f

L. jest naturalng skalg zjawisk ekonomicznych
zwiazanych z obrotem kontraktami futures



Heuristic extension of MCTRW

Two requirements:

(1) for g — 0 formulas of the MCTRW and its heuristic
extension should give the same formulas,

(11) for g — oo heuristic extemsion of the MCTRW
should give an unifractal

General multifractal formula

<t‘1> (“—B sgn(q)+— [1—exp(—b, lgI" )] 4l

b 3
I'(1+q)




Dane empiryczne: kontrakty na Kurs wymiany
US/DEM (na Forex)

* Empirical data
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I Dane empiryczne: kontrakty na kurs wymiany
I US/DEM (na Forex), powi¢kszenie
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- + Empirical data
10 14— = CTRW, Gaussian PDF

= CTRW, stretched exponential PDF

N

,-Es: 81 = Extended approach
o~
E:-i + : : :

T | . .

N

.E N

2 ____________________________

0 0,5 1 1,5 2 2.5 3
moment's order ¢



Dane empiryczne: kontrakty na kurs wymiany
US/DEM (na Forex), unifraktale
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I Dane empiryczne: kontrakty na kurs wymiany

US/DEM (na Forex)
I powi¢kszenie i unifraktale
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Dane empiryczne: kontrakty na WIG (GPW)
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Dane empiryczne: kontrakty na WIG (GPW),
powig¢kszenie

16

+ Empirical data
— CTRW, Gaussian PDF
— CTRW, stretched exponential PDF

— Extended approach

_________________________________________________________________________

........................................................................




I Dane empiryczne: kontrakty na WIG (GPW)
I unifraktale
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I Dane empiryczne: kontrakty na WIG (GPW)
powi¢kszenie, unifraktale
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Formal relation MCTRW - thermodynamics

Scaling form of partition function (within the 'SPA'):
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Scaling exponent t(q) q

T(q)=(q—1)DI(q),

Formal Rényi dimensions

1—gl\ 1
E=al) sgn1-q).y =15
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Exists Legendre transformation

adT df

T(q)=g n(q)— f(n(q)).n= a0 ar

n(q)=a+ ‘q}qy‘y(ﬁy)sgn(l—q)

Spectrum of local exponents (singularities)

f(n(g))=Aa+(1+y)

1= q‘) sgn(l1—gq)
q

n=/f(n)t+y

=L i

We have unrestricted, unlimited multifractal(!)






Specific heat
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Formal relation between
multifractality and thermodynamics
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Rownosci termodynamiczne

Definicja energii swobodne;

F(3)=E(B)—%S(B)

Definicja temperatury

_dS(E)

P dE
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I General conclusions

1. Multifractal version of the CTRW was constructed.

I 2. Well agreement between empirical data
(intertrasaction time-intervals for some futures) and

predictions of MCTRW was found.

3. Left-sided, unrestricted and unlimited spectrum of
local exponents was found.

4. Higher-order phase transition, e.g. between multi- and
unifractal was found.

Co dalej? Badanie: statystyk oraz transmisji
informacji pomi¢dzy roznymi skalami.



