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Models for disordered and correlated environments

A. Weak disorder, Cperc < C< 1
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universality unchanged
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VW =1/2+¢/16

Kim '82

starlr07

long range correlated

g(R) ~R™

universality may change

4—a=0<¢g/2
V =

£/2<6<ev=1/2+9/8.

Weinrib, Halperin '83

V. Blavats’ka, CvF, Yu Holovatch '01

B. Strong disorder, C = Cperc

incipient percolation cluster

non
spanning cluster

gite occupation aray, sibe probshility=0.5

Spanning cluster

universality and upper crit. dim. change
6-d=¢>0
v=1/2+¢/42,
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POIymer self-avoiding random walk
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random walk P(R) ~ e Na

FLORY: N
cloud of monomers p ~ —; that interact at overlap
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Perturbation theory

N 1 N
Z(N) = / 1 dr; exp{——5> > (rj—’r‘j_l)Q—ﬁEd > 5d(7°7;—7°j)}
j=1 4= i

The perturbation series diverges (in particular for N — 00).
De Gennes (1972):
Polymer theory may be mapped to spinmodel.
Exponents of the O(n)-symmetric spinmodel forn =10
De Gennes, Phys. Lett. A 1972 (N.L. 1991)
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Partition function
Number of Configurations

e Radius
((rn—r1)?%) ~NY

e linear chain . .
MN e Partition function
Zy(N) ~AINY 1

fugacity z

e star polymer \/z" /\ e Family of exponents yf

f arms, length N

/-\ fk 4 Zg(N) ~ "NN

e network e linear combination
F chains, Lg loops VQ 1= dVLng% (Vf

Ky 1))

Schaéfer,vF,Lehr,Duplantier Nucl. Phys B 1992 ® fl 1 s4/p13a



Mapping to Lagrangean field theory’_\/:’
40

Continuous model (Edwards): rA(Sy) r*(0) 0\-
Uab [ d \/\J
kBT Z/ ds[ ] 25 /d rpa(r)pp(r

Star partition sum, chainends at 7 = O : Pa(r) = /0 5(r —r%(s))
H [r?

2.1{%) = [ DI []8(r0) exp(— )

local operator product "(Pf !
Laplace transform:

E*f{ua}:/(;o|;|d8ae‘”asaz*f{sa}=/[>[<pa] [0 e~ 5 L |@d)

(P4 — Lagrangean
Tom =y [ e + D)+ > 5 [ rGmED

@a isan Mm=0 component field.
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Long-range correlated medium

e self-avoidance Ug

e disorder Replica 1 5 © long-range coupling
INZ) = lim—

(Inz) = lim—{Z") a(R) _
average disorder configurations
Weinrib, Halperin '83 ] /
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G(K) ~ Vo +wolk[*~ o B :
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e self-avoidance Ug
e disorder Wo 4—d=¢

f-arm polymer star vt

e Partition function

Z¢(N) ~zNN (Y = 1)

expansion

Renormalization group flow
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Blavat'ska, CvF, Holovatch PRE (2001)
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Fixed d, a loop expansion

e self-avoidance Ug
e disorder Wp A_d—¢ Renormalization group LR fixed point

Stability matrix eigenvalue )\ Reolymer ~NV
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f-arm polymer star vt

e Partition function

Z¢(N) ~zNN (Y = 1)
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Static separation
f-arm polymer star

1.4

Partition function

Z.+(N) O ety —1
Free energy

F =—UfN—(yf — 1)
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Blavat'ska, vF, Holovatch, cond—mat (2006) starlri3




Star—star interaction

partition function:
2, fz( ) Nr9f1f22f1+f2(N)

V@f1 f2( ) :yfl + yfz — yf1+f2 —1

{ free energy:
ffl fp(r)=—IZf = —Of In%
mean force:
1 ©
"

kpT

Correlated disorder weakens
5 0 8 the effective interaction.

6);‘}) as a function of f and a at d = 3.
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DNA denaturation
Poland, Scheraga (1966)

DNA double strand with bubbles

::::<>::momu<

1
Loop size distribution P(¢) = /C C determines phase transition:
c<1linone, 1< c<2: 2nd, 2<cC: 1storder
V3 V3

Vlie O eVl Kafri,Mukamel,Peliti EPJB (2002)

Entropic contributions:
f
e Graph G Zs(N) ~7NN Vg r]g: dLg—i—% (r]fk_iknz>

e loo
PN Zg(N0) ~ (207°) (ZIN2)
short chain expansion vF NucPhB (1997)
e loop exponent

C=VNg—VN2=dv+2vn3—3vn,=2.11in 3D — 1st order transition?
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DNA denaturation in correlated disorder

Poland—-Scheraga model of DNA denaturation

1
Loop size distribution P(¢) = /C C determines phase transition:
c<1linone, 1< c<2: 2nd, 2<cC: 1storder
V3 V3
Vlie O eVl Kafri,Mukamel,Peliti EPJB (2002)

e loop exponent
C= dV—Z(yg— 1)—|—3(y1— 1)

c = 3(0.588) — 2(0.05) + 3(0.15) = 2.11 no disorder(a=3)

C= 3(0.68) — 2(—0.3) -+ 3(0.38) = 3.7/8 LR disorder (a= 2.3)
e correlated disorder shifts the transition to 1st order.
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