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1) Dynamic Phase diagram of driven vortices
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2)   Comparison between vortices and CDW

・spectrum
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3)   Collective charge excitation in spin ladder

(Sr,Ca)1-xCu24O41: CDW or Wigner crystal?
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1. Noise measurement

(I) conduction noise (CN)

(II) local density noise (LDN)
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2. Ac-dc interference study
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<Experimental approach> monitoring temporal order

of driven vortices



velocity fluctuations (δv)
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channel-like plastic flow

BB-δ n spatial correlation method

BB-δ n appeared near resistivity onset

BB-δ n appeares even in low-T regime

where 2nd peak effect occurs.

ρ
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BB-δ n noise power spectral density

contour map
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H <v>
Idc + Iac sin(wac t)

Driving Force:
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Ac-dc Interference Effect of Vortices

another technique to detect developement of temporal order

temporal order of driven vortices develops

in a certain field region in vortex-solid regime
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Dynamic phase diagram of driven vortices

Phase boundary corresponding to KV transition

is not found in the dynamic phase diagram of Bi2212.
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Dynamic phase diagram of driven vortices



Vortices in SC (2D) vs CDW (1D)

Similarity vs difference

1) Coherent motion (washboard motion)

in the so-called creep regime

--elementary process of “sliding” motion--

2) Deterioration of coherence

with increasing driving force























Deterioration of the coherence of dc driven vortices

Contrary to theoretical predictions

Similar phenomena in a CDW system, m-TaS3

(semiconducting)

(Maeda et al. J. Phys. Soc. Jpn (1985)       )

Also contrary to 

(a) Experiment in another CDW system NbSe3

(metallic)

(Thorne et al.)

(b) Numerical simulation for 1dim CDW

(Matsukawa et al.)

--did not take account of plastic deformation—

Importance of plastic deformation

for realistic description of the phenomena
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YBa2Cu3Oy

2 3

1
2 3

2
5
2

1

1

2
3 4

1
2

0 0.2 0 .4 0 .6 0.8 1

Bi2Sr2CaCu2O y

H = 50.2 O e

T = 80 K

V (µV)

I rf = 21 mA

w rf = 100 kHz

3/2

18 m A

15 m A

12 m A

9 m A

6 m A

3 m A

0 m A

1/2

1

10 µΩ

2

5/2
3

2

3

1 /2

5 /2

3/2
1

Bi2Sr2CaCu2Oy

main peak & harmonics

sub-harmonics (1/2 series)

[Driven Vortices] 2D driven sytem

1/2 10 2/31 /3

2 31123 0

R.P.Hall and A.Zettel,PRB 30, 2279 (1984).

NbSe3

main peak & harmonics

(perfect mode-locking)

sub-harmonics

(many series)

[Sliding CDW] 1D driven system



Vortices in SC (2D) vs CDW (1D)

Similarity vs difference

1) Coherent motion (washboard motion)

in the so-called creep regime

common to vortex and CDW

--elementary process of “sliding” motion—

stick-slip like motion of phase kinks

2) Deterioration of coherence

with increasing driving force

Vortices in SC is less coherent than CDW

difference in dimensionality?



Spin Ladder  Sr14-xCaxCu24O41

Carrier doping in spin ladder structure
expect superconductivity
(E. Dagotto and T. M. Rice: PRB45 (1992) 5744)

Sr substitution by isovalent Ca
Insulator metallic
(N. Motoyama et al.: PRB 55, R3386 (1997))

superconductivity in heavily doped crystal
(M. Uehara et al.: JPSJ 65 (1996) 2764.)

Role Ca : charge transfer from chain to ladder
(T. Osafune et al.: PRL 78, 1980 (1997))chains ladders
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NLC in the ladder- and rung directions of Sr14Cu24O41

• Small increase (∆σ ~ 3% at 10 V/cm)
• NLC starts between 0.1-2.0 V/cm
• σ(E)/σ0 was almost independent of T

• Large increase (∆σ ~ 20% at 5 V/cm)
• The existence of characteristic field is less clear
• σ(E)/σ0 strongly depends on T

ladder rung

The NLC was quite different between the two directions



Large dielectric constants at microwavesExtra conductivity at microwaves



5 - 500 µsec

1 - 100 msec

Duty 1/10 - 1/1000

a boxcar averager (SRS-SR250) and
a digital oscilloscope (TDS420A)

Local maximum around at 50 GHz (10 K) observed up to ~150 K

single-particle resonance :unlikely (ω0<<T) “collective”



The collective charge excitation in the ladder planes of Sr14Cu24O41

(1) NQR

M. Takigawa et al. PRB 57, 1124 (1998).

(2) MW and nonlinear dc conductivity
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(3) Optical Response

B. Gorshunov et al.
cond-mat/0201413v2.

(4) Low-ω Dielectric Response

G. Blumberg et al.
Science 297, 584 
(2002).

also
nonlinear σ(E)

also
switching,

Ramman sct.



(1)A peak in σ1(ω) at ω0
ω0<<T : collective origin

(2) Nonlinear conduction (>E0)

charge orderded state without lattice distortion

(3) σ(E), σ(ω)  only in the ladder direction

(4) σ(E) : characteristic of low doped materials

a collective mode 
characteristic of low dimensional correlated systems

4kF-CDW
Wigner crystal
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Conclusion

(A) Experimental determination of dynamic phase

diagram of driven vortices in a high-Tc, BSCCO

by a coupled study of density- and conduction

noise, and  ac-dc interference effect

1) Bragg glass plastic flow coherent flow

less coherent flow incoherent flow

moving vortex  liquid

2) Different dynamic phase diagram from that of 

conventional NbSe2

3) Different from expectation of

numerical simulation

4) No phase boundary, corresponding to 

the K-V transition

5) characteristic: decrease of coherent temporal

order in the high driving force region

(B) Vortices and CDW: 2D vs 1D

1) dynamical coherence: better developed in the CDW

2) Similar elementary process (similarity in the spetctra)

(C) Collective charge dynamics in the spin ladder

1) Scaling in the nonlinear conduction

2) Very small oscillator strength: similar to the SDW

suggesting  moving Wigner crystal in 1D


