


central aspect of many transition metal compounds:
phase transitions controled by

/ doping \

disorder effects
on large length scales
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so far: Classical Systems
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[Emig & Nattermann, PRL 79, 5090 (1997); Emig & Nattermann, PRL 81, 1469 (1998)]

Results: new phases and phase transitions,
e.g. Bragg-Glass phase with QLRO and
non-universal critical exponents
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[Emig, Bogner & Nattermann, PRL 83, 400 (1999); Bogner, Emig & Nattermann, PRB 63, 174501 (2001)]



Future: Highly Correlated Fermi-Systems with Disorder

Universal properties depend mainly on symmetries and dimensions

~+ detailed knowledge of and is not necessary
Starting point: effective field theories

e allow to classify the mechanisms

e describe fluctuations of collective modes

e allow to deal with disorder in an appropriate way

For the present we concentrate on effective theories for stripe phases.

Effective Field Theories: an Example

Hiubbard = —1 Z éjgéjg +U Z TALiTTAI/il
(4,4),0 1

e for t < U mapping on t—J-model with J ~ %

e antiferromagnetism of the Cu-layers is described by a quantum-nonlinear-o-model
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Experimental Researches

Generic Experimental Evidence for
Phase-diagram: Stripe Phases:
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Nickelates:

LayNiO, diagonal static SDW (Tranquada et al. '94, Shirane et al. '95)
Lay . Sr,NiO, for 0 < x < 1/2 diagonal static CDW and SDW, T¢PW > TSPW (Yoshinari,
Hammel, Cheong '99)

Manganates:

LagsCagsMnOs static CDW (Mori/Chen/Cheong '98, Uehara/Mori/Chen/Cheong ’99)
Lay_,Sri4,MnO, static CDW for 0.5 < 2 < 0.65 (Larochelle et al. )

Lay 5,571,192, MnyO7 short range charge stripe order for x « 0.40 (Vasiliu-Doloc et al. )
Lag.gSro1Mn0s static CDW (Vigliante et al. )

Cuprates:

Lay g »Ndy4Sr,CuO, static SDW (Tranquada et al. 95, Imai, Hunt, Singer), most clear at
x = 1/8; static CDW for x < 0.2 (Niemdéller et al.); strong competition with SC

Lay—y—yEu,Sr,CuO, static stripes for 0.08 < = < 0.17 (Kataev, Validov, Biichner, Hiicker,
Berg)

Las_,Sr,Cu0O, dynamic SDW and CDW (Cheong, Aeppli, Mason, Mook 91, Yamada et al.);
coezistence with SC

Y BayCuzOgy, dynamic SDW and CDW (Mook et al. 98, Egami); coexistence with SC

Phenomenological stripe picture:
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Structure

skip competetive pinning of stripes by disorder and crystal potential
CDW- and SDW-period depend on doping;:

z.B. %—problem lock-in phenomenon?
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Model:

Stripes as lattice of fluctuating quantum strings with disorder (induced by doping) and crystal
potential
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Results of RG-analysis:
e disorder relevant, dominates quantum fluctuations
e implies glassy dynamics
e in 2D: disorder destroys translational order

e lock-in only possible with 3D coupling

[Bogner & Scheidl, Phys. Rev. B 64, 054517 (2001)]



Magnetism

Motivation:
Focus on the low doping regime. Investigation of the stability of AFM against doping; De-
scription of the AFM — spin glass transition.

Model:
Holes are located on bonds, AFM — FM exchange couplings
~» frustration, Heisenberg spin glass [8]

1 -
H = 524@) v:Sr)?  Jilr) = [1—Air)]J
ri Ai(r) = A with probability p,
i\ = 0  with probability 1 — p.

RG approach (symmetries are preserved, quenched nature of defects)
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Results:

e 2D phase diagram at T'= 0
e Calculation of the 2D correlation-length &(T, x = 2p)

e Include 2D /3D crossover — phase-boundary in qualitative agreement to experiments
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[Kriiger & Scheidl, cond-mat 0110061 (2001)]



Localization in coupled Luttinger liquids with impurities

striped phases in Mott insulators:
electronic liquid crystal phases,
“smectic metal” (SM)

~> 2D non-Fermi liquid [7]
without disorder:

e SM phase strongly limited by inter-
stripe CDW and SC [9].

with disorder:

e weak CDW couplings between stripes ir-
relevant, relevance of SC couplings re-
duced

~» renormalized 1D system

e delocalization transition possible even
for repulsive interaction

e new phase: delocalized smectic metal,
DSM, Luttinger-like longitudinal trans-
port, short-ranged longitudinal and
transversal order
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[Bogner, Emig & Scheidl, cond-mat 0110265 (2001)]



Low temperature behavior of one-dimensional quantum systems

CDWs, superfluids, Luttinger Liquids

H = /L{; {(%)2152 + (89695)2} +U(x)p(x) + Wcos(%/xdy P(?J))}

dimensionless parameters

t=TA2Ky/c, K =hmA"" Ky/c, u* = U N Ky/c?, w=WKy/cA*

disorder fluctuations quantum phase slips
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[Glatz & Nattermann, cond-mat 0202507 (2001)]



e analysis of disorder effects in effective models for stripe phases, in particular in coupled
Luttinger-Liquids systems as electronic models for stripe phases

e interplay between charge and spin order in consideration of quantum fluctuations and
planar anisotropie; spin/charge separation

e effects of topological defects [Kriiger & Scheidl, cond-mat 0203354 (2002)]
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[10]
e methodically related projects: disordered Wigner—Crystals, vortex lattices, Quantum-
Hall Stripe Phase, scattering between Quantum-Hall edges

e non equilibrium properties



B1:
B3:

C2:
D1:
D5:
Dé6:

Cooperations in SFB 608

transport measurements ~» electronic properties of stripe phases

temperature dependence of transport properties
~» search of Non-Fermi-Liquid behavior; susceptibility measurements
~» magnetic order

neutron scattering ~» structural aspects of stripe phases
microscopic fundamentals of effective field theories
numerical studies of electronic properties

gauge theoretical models of strongly fluctuating magnets
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