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Just Two Important ExperimentsGlassy-like CDWon�gurations

Kohsaka et al., Siene, 315, 2007A. Attanasi SC vs CDW: Role of Disorder



Just Two Important Experiments
Diamagneti e�etsabove T

Iguhi et al, Nature, 412 2001A. Attanasi SC vs CDW: Role of Disorder



Our TargetBuild a simpli�ed model trying to explain the aboveexperiments.The main ingredientsAn order parameter embodying CDW and SCA mehanism to produe disordered on�gurations
A. Attanasi SC vs CDW: Role of Disorder



The CDW StateTwo simple 1d CDW A more omplex stripe CDW
Translationaland/or RotationalSymmetry Breaking Complex CDWunit ell More variants
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The CDW StateTwo simple 1d CDW A more omplex stripe CDW
Translationaland/or RotationalSymmetry Breaking Complex CDWunit ell More variantsA poliristal/glass CDWA. Attanasi SC vs CDW: Role of Disorder
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Weak ouplingStrong oupling (ϕ = onst) =⇒ T ∝ ψ0
(ψ0 = onst) =⇒ T ∝ ρsA. Attanasi SC vs CDW: Role of Disorder



Sti�ness ρs or Heliity Modulus Υ

Υ ∼ ∂2F
∂∆Φ2 ∣∣∣

∆Φ=0
2d SC in strong oupling limitF = −J0 ∫

|~∇φ|2d ~r = −12ρsv2s V2d XY modelH = −J ∑

〈ij〉(1− ~Si · ~Sj) ≈ − J2 ∑

〈ij〉(φi − φj)2
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Sti�ness ρs or Heliity Modulus Υ

Υ ∼ ∂2F
∂∆Φ2 ∣∣∣

∆Φ=0
2d SC in strong oupling limitF = −J0 ∫

|~∇φ|2d ~r = −12ρsv2s V2d XY modelH = −J ∑

〈ij〉(1− ~Si · ~Sj) ≈ − J2 ∑

〈ij〉(φi − φj)2Kosterlitz and ThoulesslimT→T− ℏ2m2 ρs(T )KBT = 2
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Our ModelAnisotropi Random Field Heisenberg ModelH = −J ∑

〈i ,j〉 ~Si · ~Sj − G ∑i(Szi )2 + W2 ∑i hiSzi
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Our Model: the mirosopi derivation (part-one)Attrative Hubbard model (U < 0)H =
∑

<i ,j> ∑

σ

tij†iσjσ −
12 |U|

∑i ,σ niσni ,−σPossible ground states at half-�llingin the strong oupling limitCDW
| ↑↓〉 |0〉 | ↑↓〉 |0〉or
|0〉 | ↑↓〉 |0〉 | ↑↓〉

SC




|0〉
+e+iϕ| ↑↓〉 







|0〉
−e+iϕ| ↑↓〉 
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Our Model: the mirosopi derivation (part-two)The Attration-Repulsion Transformation
| ↑↓〉 =⇒ | ↑〉
|0〉 =⇒ | ↓〉CDW z-AntiFerromagnet

| ↑↓〉 |0〉 | ↑↓〉 |0〉 | ↑〉 | ↓〉 | ↑〉 | ↓〉SC xy-AntiFerromagnet




|0〉
+e+iϕ| ↑↓〉 







|0〉
−e+iϕ| ↑↓〉 

 ր ւ ր ւ

H = J ∑

〈i ,j〉 ~Si · ~SjA. Attanasi SC vs CDW: Role of Disorder



Our Model: the mirosopi derivation (part-three)The order parameter is the staggered magnetizationAt long wave lengths the staggered magnetization behaveslassiallyAntiFerromagneti to Ferromagneti modelH = J ∑

〈i ,j〉 ~Si · ~Sj =⇒ H = −J ∑

〈i ,j〉 ~Si · ~Sj
↑ ↓ ↑ ↓ ↑ ↑ ↑ ↑

ր ւ ր ւ ր ր ր րImpurities favour loally one CDW variantH = −J ∑

〈i ,j〉 ~Si · ~Sj − G ∑i (Szi )2 +
W2 ∑i hiSziA. Attanasi SC vs CDW: Role of Disorder



The Model in 1-dimensionJosephson juntion geometry

Continuum limit, NO disorder, spherial oordinatesF [θ(x), φ(x)] =

∫ dx{ρ2[(dθdx )2
+ os2 θ(dφdx )2]

− g sin2 θ}A. Attanasi SC vs CDW: Role of Disorder



The Model in 1-dimension
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The Model in 2-dimensionsImry-Ma argument RFIM =⇒ dl = 2RFHM =⇒ dl = 4Binder sale L∗ ∼ e(J/W )2Loal SC�� in-plane magnetizationmxy =

√

√

√

√

1N N
∑i [

(S ix )2 + (S iy )2]Global SC�� Sti�ness
Υ =??A. Attanasi SC vs CDW: Role of Disorder



Sti�ness ΥH = −J ∑

〈i ,j〉 os θi os θj os(φi−φj)−G ∑i sin2 θi +W2 ∑i hi sin θiH = −
∑

〈i , j〉 Jij os(φi − φj)Random Condutane Networkjij = Jij(φi − φj)
∑k ∈ n.n.

ji,k = 0 ∀ i ∈ LjTOTx = Υx∆ΦA. Attanasi SC vs CDW: Role of Disorder



Some results
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Some Con�gurationsW 0.02 0.06 0.1G0.51.54.0
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Some Others Con�gurations
W=2.0 G-0.1 0.00.03 0.070.1 0.4
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A �Phase Diagram�

-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

Helicity  X

Magnetization  m
2

xy

-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

0 5 10 15 20 25

Disorder Intensity  W

-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

A
ni

so
tr

op
y 

 G

0 5 10 15 20 25
-0.6
-0.4
-0.2

0
0.2
0.4
0.6
0.8

th = 0.1 th = 0.15

th = 0.2 th = 0.25

th = 0.3 th = 0.35A. Attanasi SC vs CDW: Role of Disorder



ConlusionAnomalous urrent-phase behaviour in1d-Josephson juntionPossible explanation of the Giant Proximity E�etSeveral orders give interestimg interplays.Starting from a CDW we an gain SC by thepresene of disorderGlobal Sti�ness vs Loal Sti�nessA. Attanasi SC vs CDW: Role of Disorder



Future Work
Introdue Magneti FieldIntrodue TemperatureStudy Perolating Properties
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