/ z;a/aa/&fr 4/%:/&%;

DLA and A Zyef/‘a/'a geﬂ/fm L‘/y

F Mé///f(a/(/(
é//(/w/%’/f% af 52/0%0

Ascona, 2070



/ z;a/aa/&fr Grow h -

/%w}y //a/m/‘ " te/‘faae which M/OG/Z% & a ymafé/(é af
a harnonse f/é/a/



5/%«//(/22/( eXCarSIon @Z /ﬁa/‘L‘/o bos 00[ a non-zero Size

A /ﬂ/‘afai// Liy af a Brownian /a/‘t/a%/ 00 arrve

& a harmonic measure af Lhe faa/(a/a/y

UW

I'Vp| — Harmonic measure
Ap — 07 p‘@D — 07

p|z—>oo — — log |Z‘




32768

| ~ p,fﬁla@/'w(- vy f 4%%@}& tin, or DIA

/1§ a f/}f(/ﬁ/@ compu lore simalalion 00[ lhe faﬁm Lion 0f clustors fy
partic b a%‘af/}y L%Mayé a medium that /'cm‘/e@ Lhe partio bs as
b%ey move,

/. M’fb‘e/(, L Sandler 7987



fwfm troal f/‘wf/b‘é
Belioved to be &e%f—&/}r(/%z/‘

gzyaa/'b% 0f a sel
C(t) ~ tP ¢ — Number of particles

Lersten estinate ﬂz Lheorem / / 7987 / I/ >3/2

Numerival vatue — D=1.770.-1.774.. [many authors,
afffe/‘e/ﬂ‘ methods /



(lerative Conformal maps (Hastings~Leviton, 7998)

Mathematioal aspect  of models of iterative mape:

Carteson, Makaror 2007
Fotde and Linsmesstor 2005

Namerical studies of iHerative maps Frocacein et of , 2007-2005

D=7.770..-7.774.. Same as direct DIA sinalation



Alternative view (2007-2070)

S G Lee (Callech) — A Labrodin (Moseow)

£ Bettelhein (Uerasalen), [ Kricheser (Cotumbia)
£ Teodoresca (Florida), P W,

Based on /(L‘efﬁa//é Struclures



Folated Fhenomena

7 / Viscous shooks ix  Holo-Shaw f/cw;

2) Dyson Diffusion;

3 / Distributions af zes08 af pf‘b%ﬁfzc’/m/ /Q’Zymﬂ/&/@;
7 / Non-tivear Stokes Fhenomena in FPuitove fyaa Lons;

£eal Boatroar Curves /ﬂl" Arichever—Boatrons 5«/%@/



#oal Boatrowe Curves

@/@/‘6//7& te Curves



eal /é%/ﬁef‘e//{b U / Boutronw Curves

(Y,X): Y?= Ry, 1(X) — real polynomial

dQ(X) = —iYdX

Re % d{) =0, any cycle on the curve.
B

# conditions - # paramelers = g

[ here 1s no }@/(&/‘d/ /ﬂfwf that Boatrows carves eust



Level Lines c’f Boatroww Curves,

Re Q(X) r — 0,

A GraphI': X eTI':

X
QX)) = —i / YdX

Level Unes are Branch cals drawn such that /'m/ﬁ
af Y /i &ay/}(a/y



Ablternative a/ef/}(/b‘/bf( af Boutrows carves

Branch cals can be chosen such that /'a/r(/ﬂ af g e
/my/ka/y



Level Lines of Boatrows Carves

r
Gonas 7 / ?e/m& J

4/%://}@} brane é/}y y/‘@bé / lranscenden ta//



ﬂefaﬁ/fm lion Faramelters,

Loobution, &;ﬁaa/'b‘%



ﬂefc’/‘m tion Farameters, Loobution g@ﬂaa/'b‘%

de formation

—
Y(X) =/ Ragar (X) = X9FY2 41, X972 4
!

C'(t ,
" X1z | ng/)2 N egative powers
S =
time capacity

//—Z—afefw‘/fm Lion parane ters and Ume ¢

aﬁ/'yaeé delermme Che carve



Lroblre a carve in Cine,
fega/}y 97 c/afa/‘/fm vion paramelters f/)oea,/
fa//m the capac/ty C / lf/ and the ﬂ/‘cyé

time = res. (Ydv X),
Capacity = reso (Y VXdVX)

Attempt a limit ¢ — oc

/%/‘w Beritoln /ﬂ/‘efmb‘@ ......



ﬁ w(/'ya& é_//?ﬁf/b Baatﬁmw carve / /f/‘/aéweﬁ, /@y/(/[s’aa et af) 7997 /

ﬂ%@eﬂe/‘a@ curve y2 = —(z — e(t)) (m I 35;))2

e(t) = —/t. — ¢

/Va/(—a/ef/e/(e/oafe carve Yy’ = (z —e1)(z — e2)(z — e3)

12 _
(e12:63) = | gag (b % i, —1)VE

/fmééwa/c constant h ~ 3.246382253744278875676



/fjﬁ/ea/‘a/me af Boalrons carves

Boatrow 7972

semctassical soblulion 0f Funtove [ equa Lions,

Adiabatic lvariant 0f a /M/‘t/aé e@acy/}y o /kf/}(/'lfy £=P" 2+ ﬂo /

P? = —4X° 4+ g X +g3, = /PdX — const



20-Dyson & Dffusiion



Large Normal Matrix My, : MM = MM

M=M"+V'(M)+BM

W—/
Polg 42
L[/;/Mm/ae‘f /awf(/ﬁ/e,v /

1 :
i = -z 4+ V(2 i
G=) s ratVE) e

J

E[§:6;] = rdij, k=4



o b cqulbion
Ore Reeps pump partivles to
| compensate eseaping partic les

Loolution N—>N+7
Furtictos ese apig Chrough ousgps




S %M/o&‘ faﬁ a /w/(-eya//%/&/f( d1tribalion af eé@a/wa/ae@ 18 Uhe
Boatrow~tovel y/o@é: Fod dot s a /m’/b‘/'a/( af a new /062/‘5/0/6
m a J’teaaf% stale

Daid (71997), Marivari-Parisi (1997), F. W.



20— 70

support af eya/wa/aw aéa/yw; it becomes lovel

Unes af Boalrows carve



7%/@-5 éaa/ /0/%5/@/1(;

/[/}ye/‘/}(// /}(@faf/%'f%'

Finte Tine singularities;



Illegitimate limit: vanishing size of a particle h — 0

33333

Darcy Law: C\D:v=-Vp, Ap=0,

p|8D — Oa p‘z—)oo — —log ‘Z|



Hele-Shaw Cell (1894)

water

i

A /wa Ler o / - /e m/ﬂ/ée@&%/e
. / d HS Hele-Shaw, inventor of the Hele-Shaw cell
Hseous 0[“/ (and the variable-pitch propeller)
Water ﬂkb‘e/‘/b/o / - /}mm/ﬁm&&%/é
mserd //ya/&/

26



A(L‘a/éfaaa belween A(am/ﬁ/‘e@f%/a f/a/éz{f with c//ffa/‘e/(t HECoSIleS

ater " // : ﬂa/‘af Zdé(/
L ' - vV=—Vp

-v=20 Ap =20

A{M/f(//%&&/%/%ly
Drain Q= f v X df
o ‘W‘fd&@ tension P |b0unda,ry =0

Ve/o&/&‘% af a faa/(c/a/y =Harmonic measure af lhe hma/a/y
27



/[/}g/a/‘/}gz (ustabilities i f/a/éz/ c{y/(a/rr/&@

#/(y but /a/a/(e f/‘mz‘ & wnstable - an aﬁf/'f/wy small deviation

f/wf( a /a/a/(e fmwt causes a am/ﬁ/ex sel af //}ye/o& ﬂ/‘é’a//}y oul
af control

Holo-Shaw celV f/}yem’ Flame with no conveclion
faf/m«— 75%/0/3 7958 (lnear am{y@/[f /



Finite [ine &«gﬁ f//@}a laryties



Finte Tine singularitics

any but /a/a/}( a{wfm/a domarn
c/we/a/ﬁ& cusp &/}ya/a/‘/lf/é@

vcowred at a finte tine

/ the area af the  domark /




i
g
-



Labrodn, [eodoresca, Lee, F, W.

&M;ﬁ&’,' A ;//‘c;ﬁé af an wa/w}g/ f/}g/e/‘ (8

7 / a a/e//a/(e/‘a le éylﬂe/‘e//{ﬁ Lo real Boalroww curve,
Y = H X —d;(t)vVX —e(t

2 / genus af the carve and a f/}(/b‘e namber af

a(efa/‘/rm Lion parame lors do wot evolpe



de formation

—
Y(X) =/ Ragar (X) = X9FY2 41, X972 4
oW

X1/2 X3/2
—_——  N——

time capacity

| - Negative powers



Loolulion 0f a real a//{ﬁ 7 a/e//ef(a/‘a le carve

2
Y2:—4(X—e)(X—|—g) e=-2V"T, T<0



ﬂa/‘&% law 1§ ///-a/ef/}(ec/ — 50 /M%&/a al sobution 5%0/(/ a ousp
v=-—Vp
Weak soblution:

Alow disoontinartics at some moving }/@@M
Integral form of Darcy taw

Lee, 74;/04/0/‘@@0«, F W



ﬂn‘e}/‘a/ fﬂ/‘ﬁ 00( ﬂmf bw = v = —

dO(X) = —iYdX

d
Zd_T foo dS) = flux

d
—Re j{ df) = —j{ v-dl = —yg dp = circulation = 0.
dl B B B

Re jé =0 Boatrons condition



Boatrony condiion a/(/'yan% a/ef/}(e evolulion and a yﬁcyé af
shocks / tines af discontinarties)

Re f dQ = 0 dQ(X) = —iYdX
B

Shocks are Level lnes af Boatrows carves:

Re Q‘shocks =0

Re Q(X)‘X—mhocks > 0



B g
e N

s S\ U O I ™
e A (A U 3

e//fa Lo Boalrows carves:

Level Unes af

genus O—>7 transition



y* = (= —e1)(z —ex)(z — e3)

12
(e12:63) = | gag (b % i, —1)VE
h ~ 3.246382253744278875676

frichever constant



Universal /'a/ﬂ/ﬁ af oc;ﬂaa/b‘% al a brane é/}y

Ca er branchin
p = —adter branching ) 91522030388

Cbefore branching

Computed throuph eliptic integrals



Lrobution af Boatronws Curves
e equivalont o Loplacian Growth

&fm@ Cransition grves rase to brane é/}y af Lhe

lovel tree, Lo very brane é/}(y /ﬁ/‘m&aw a wirversal
acya&/'lfy /”6(//(/0 7



Manaal fm /%2/(5/@ and //&M/}y Lrees



. Fix a Polynomial of a large degree Polsg41;

. Determine a degenerate Boutroux curve

[

Y = [(X = di(®) V(X —e(t))

1=1

which positive part i1s a Polag1

Y = Polygy1(VX) \/% | ;S)Z -

. Run t. Pinched cycles begin to open. Level graph branches.
When all cycles are opened, the process stops.

. Send genus g — oco. Follow capacity C(t).



(Questions:

- Does Capacity scale with (large) time (at large genus)

C(t) ~ tY/P?

Does the asymptote of capacity remember initial data - a chosen Pol,_1
?

Does the exponent is expressed solely through Krichever constant -capacity
branching jump?

C"’a, er branchin
pn = —atter branching 5 91592030388

C“before branching

Simple-minded (not even a conjecture) formula for dimension in terms of
universal capacity jump

1 1 numerical value
— — —=1—-—1n=0.08477969612, D = 1.71004 56918

of DLA dimension



