Carcassonne, France (9/26, 2002)

Noise- and microwave experiments
in moving CD , 1gner crystals
and vortex lattice

Atsutaka MAEDA
Dep. Basic Science, The mniv. Tokyo

Outline
1) Dynamic Phase diagram of driven vortices
In high-T, superconductors
2) Comparison between vortices and CD
spectrum
dynamical coherence volume
3) Collective charge excitation in spin ladder
(Sr,Ca), ,Cu,,0,,: CD or 1igner crystal?



Collaborators

Dynamic Phase diagram of driven vortices
Y. Togawa  Dep. Basic Science, UT

(now at Tonomura group)
H. Kitano Dep. Basic Science, UT
T. Tsuboi Dep. Basic Science, UT

(now at Agilent Technology)
T. Hanaguri Dep. Adv. Material Res., UT

Experiments in the spin ladder
R. Inoue Dep. Basic Science, UT
H. Kitano Dep. Basic Science, UT

N. Motoyama Dep. Adv. Material Res., UT
K. Kojima Dep. Adv. Material Res., UT
S. Uchida Dep. Adv. Material Res., UT



Ne concepts proposed in driven vorte system

plasticity

dynamic reordering

static channels  ¢fc.
KYV transition
A.E.Koshelev & V.M. Vinokur, o
PRL 3, 3580 (1994). 1 000 0y
UPD. e L 0e®0o0 0
Thw—T o O 00— ~
00 00 0 ¢

phase transition
or crossover\

f(=J%B)

7

reordered phase

pW

o /.‘/:;r:g\::

H.J.Jensen et al.,

St

(Bragg glass)

moving-Bragg-
glass phase

P.Le Doussal & T.Giavlarchi,
PRB , 11356 (1998).

PRL , 1676 (1988).
moving
fluid phase

voc expl- 1= (1)’
Toe T keT \ F

T.Nattermann & S.Scheidl,
Adv. Phys. , 607 (2000).

smectic phase

o0 ¢ 00 Oy
00900 0 >
o0 ®-000
o-00 0-00
®-00 0 g9

L. Balents et al.,

PRB , 7705 (1993).
K. Moon et al.,

PRL 2778 (1996).

— H—

L



KV transition in NbSe2

dynamic phase diagram of
conventional type- S (NbSej)
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perimental approach  monitoring temporal order
of driven vortices
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<< Significance of
simultaneous noise measurements >>
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BB-0n noise po er spectral density
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c-dc nterference ffect of Vortices

another techni ue to detect developement of temporal order
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Dvnamic phase diagram of driven vortices
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Dynamic phase diagram of driven vortices
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Vortices in SC (2D) vs CD  (1D)

Similarity v 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
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Washboard Modulation
in Charge-Density Wave
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A. Maeda ef al..
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Contrary to theoretical predictions

Similar phenomena ina CD  system, m-TaS,

(semiconducting)

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

Also contrary to
(a) Experiment in another CD  system NbSe,

(metallic)
(Thorne et al.)

(b) Numerical simulation for 1dim CD
(Matsukawa et al.)
--did not take account of plastic deformation

mportance of plastic deformation
for realistic description of the phenomena



[Driven Vortices] 21 driven sytem
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Vortices in SC (2D) vs CD  (1D)

Similarity v difference

1) Coherent motion (washboard motion)
in the so-called creep regime
common to vortex and CD

--clementary process of sliding motion
stick-slip like motion of phase kinks

2) Deterioration of coherence
with increasing driving force

Vortices 1in SC 1s less coherent than CD
difference in dimensionality?



Spin Ladder Sr,, ,Ca,Cu,,0,,

Carrier doping in spin ladder structure
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Ohmic conductivity
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NLC in the ladder- and rung directions of Sr4,Cu34044

ladder rung
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» Small increase (Ao~ 3% at 10 V/cm)
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» o(E)/op was almost independent of T

Electric Field (V/cm)

 Large increase (Ag~ 20% at 5 V/cm)
* The existence of characteristic field is less clear

» o(E)/ oy strongly depends on T

The NLC was quite different between the two directions
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Large dielectric constants at microwaves

Extra conductivity at microwaves



5 - 500 psec
Duty 1/10 - 1/1000

»
»

1 -100 msec

A

a boxcar averager (SRS-SR250) and
a digital oscilloscope (TDS420A)
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Local maximum around at 50 GHz (10 K)

single-particle resonance :unli ely
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observedup to 150 K

collective



The collective charge excitation in the ladder planes of Sr;1,Cu24041

1) NQR (2) MW and nonlinear dc conductivity
on [ — — .
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(1) A peak in 04(w) at w,
We<<T:
0 *01-1V/c

(2) Nonlinear conduction (>E0) e , ~ *a)gi @[22 ~30 H
A= ~
_ R
charge orderded state without lattice distortion
(3) a(E), o(w) only in the ladder direction

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

a collective mode
characteristic of low dimensional correlated systems

4k--CDW
Wigner crystal



( ) perimental determination of dynamic phase
diagram of driven vortices in a high-7, BS
by a coupled study of density- and conduction
noise and ac-dc interference effect
1) Bragg glass > plastic flo > coherent flo
—>less coherent flo - incoherent flo
->moving vorte li uid
2) Different dynamic phase diagram from that of
conventional NbSe,
3) Different from e pectation of
numerical simulation
) No phase boundary corresponding to
the K-V transition
) characteristic decrease of coherent temporal
order in the high driving force region

(B) Vorticesand D 2D vs 1D
1) dynamical coherence better developed in the D
2) Similar elementary process (similarity in the spetctra)

( ) ollective charge dynamics in the spin ladder

1) Scaling in the nonlinear conduction

2) Very small oscillator strength similar to the SD
suggesting moving igner crystal in 1D



