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OUTLINE

B Framework for the classification of nonequilibrium
ordered states (order parameters & phases)

® Long-wavelength/low frequency properties:
nonequilibrium hydrodynamics of driven lattices
— > host of new noneq. terms

B Full periodicity never recovered due to static disorder
Moving ordered smectic as

a generic noneq. ordered state ® ®—@® _g ©®
®
Experiments 31 °

in vortex |aftces



OUTLINE

lattice pinned by quenched
impurities fixed in space
—= pinned glass

+ constant driving force

Does the lattice reorder
at large drives?

1. Generalization of the equilibrium framework for
classifying phases: translational & temporal order.

2. Derivation of far-from-equilibrium hydrodynamics.
—= noneq. "noise"

1. Full periodicity not recovered due to quenched disorder

2. Drive breaks rotational symmetry L
--> longitudinal & transverse order * o—on
may not be recovered simultaneously o o F
Moving transverse smectic -9 084 &
as a generic noneq. ordered state ' "'f‘_""‘—"l P .4
+ 20-g 00040
— > Experiments 0 g 0o 0y,
in vortex lattices —

F



¢« DRIVEN DYNAMICS: Y~E |

E(J) 1e
0 creep Te I~F
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near criticed E’rmnaiy
Ei‘u{' fi&n‘ﬂm d Ep:’nnj driven
(Baleats 05 Fiskae | Transifion ( ﬁ;!:::m'?i‘
! 5 i - +li i
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— Important questions about strongly driven regime: |
* hydrodynamic modes and equation of motion |
* E(J) (unique or hysteretic?)
* phases (classifications, correlation function,...)

* phase transitions (universality classes and order parameters) |
— Earlier work |

|
* Erperiments:

Neutron scattering show increase in &7 (Yaron, et al. 94)
Transport show ordering above dV/dI peak (Bhattacharya, et.al. '93)
* Simulations:
Decrease in dislocation/disclination defect density with increasing
drive (Shi+Berlinsky '91, Koshelev+Vinokur 94)
* Theory:

T S -

Current-driven crystallization at T,y = T+ T (J), with Ty, ~ A/ J?
(Koshelev+Vinokur '94)

Moving Bragg glass with u; =~ 0 (ordered), u, rough and pinned —
finite transverse critical current (Giamarchi+LeDoussal *96)

clede
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Koshelev & Vinokur, 1994:

Used perturbation theory in disorder/drive
(cf. Schmid & Hauger, 1973) to study both the driven
liquid and the driven lattice.

They argued that at large drives disorder acts
like a "thermal shaking" in the liquid:

T~ 2 Tegr = T+T,;, (F)
F2 0.28 —p—1—1—1—1— a
When Togr (F) ~ Twoting | |
N lgtf ~
the moving liquid g Msap - Mg Pich 3
becomes unstable 55 s | Moving
-l iquid -
current-driven s | j
crystallization Plaigc_fiow T - %Tml

into an ordered state ? 0

Q 0.002 0.004 0.006 0.008 0.01
temperature

GENERAL ISSUE: (CDWs, Wigner crystals, mag. bubble arrays, ...)

gy :Nnnnq P':hotm
:gg;’:dﬂ = % pinned and sliding states
® ordered sliding states?

GOAL: Nonequilibrium Phase Diagrams




CLASSIFICATION of PHASES & ORDER PARAMETERS

coarse-grained density
of a moving lattice:

OFL) s Z S(P-7N-T:.3)
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lab frame displacement
(T, disorder)
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Time
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® small deformations ---> elastic approx. ok at large scales

® large deformations ---> elastic model breaks down:
instability of the ordered phase
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S@ofS (G
TRANSLATIONAL ORDER (t=0): L aff . Col

® G, (r,0) ~ const. Bragg peaks at Qs
LRO s
o q!h'-ﬂ} ~ N power-law peaks
QLRO A
diffuse rings 4
SRO (liquid) 3

But the driving force breaks the rotational symmetry
and longitudinal and transverse order may not be
recovered simultaneously ---> SMECTIC ORDER

© CQ (r,0) ~ exp(-r)

\
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AR “TA~—-
y T j___ Uy
‘l
[ - i i ::
| T _ **t Uy ~
I L g
-0 ~ .,
TEMPORAL ORDER (t # 0): SQu)-] e Co
Balents and M.P.A. Fisher,
1995 (CDW)
® C, (r,t)-> const. ral order
CQ at (ﬂqﬂs:

S(q,m )~ 0 (® -0q )
Complete mode-locking to an arbitrarily weak
periodic drive atwg

@ qi{r’ﬂ =™ QLR temporal order
® G (rt)=>exp(-t) SR temporal order
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"Togase. etal. , PRL 2000
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Driven (FLux) LATTICE |
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SchEMATIC Puase Diagrams

KRG anm"yn'g ajf a model smeche
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STREUG TH ' d=2

MOVING e
liquid ‘
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moving lattice F
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d=3

moving
liquid

vortex glass
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lattice

Bragg glass




F.Pavdo et al. , submifted to Nature NbSe, , 4K G
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RG Flow Diagrams for
d=2+c¢

Aq %
Tg T

d=2+¢ =03
for a set of initial conditions with A,(0) = 0.2 and T(0)
ranging from 0.05 to 0.85, in increments of 0.2.

d=2
for a set of initial conditions with A,(0) = 0.2 and T(0)
ranging from 0.05 to 0.65, in increments of 0.2,




RENORMALIZATION GROUP ANALYSIS g:g;m m_:;mf
of a simplified smectic model

Neglect coupling of layer displacement u, to density:

X(QH:UQ,,.) = K, u r+K* },+F{ru,)+//(f'n

L

"statie" P:ﬂmﬂj ,:](crc,e
thermal
<Fp(2uy) 7 (8, u) > » Ay -, ) S(7) noise

A

PERIODIC  unth SMECTIC faysr
FEfLud.Ln.f,'

<Y(7,6)7(6.0)>- EJ"J 7) 8 )

B functional RG for d=3-¢: Narayan & Fisher, 1992

Use MSR formalism to transform the stochastic eqn. of

motion into a field theory, then integrate out the fast
modes perturbatively in the disorder.

B conventional RG in d=2+¢
single-harmonic approximation for A (u,, )

Because of the lack of FDT, T is not irrelevant

as indicated by naive power counting.

The T=0 fixed point is unstable and is replaced by
a finite temperature fixed point. (2 d)
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