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~ Introduccién: vértices |
J‘- Vértices en Superconductores

H
H,

Estado
Normal ’

111
n

Estado
W7/ Meissner

Interaccion repulsiva

Se organizan en una
Red de vortices (RV)
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« Vortices en Superconductores
El rol de los defectos estructurales

« Aparecen dislocaciones

1® 1B
J J *No hay orden de largo
alcance
F F
#\ i @\ P El sistema se desordena
—_— Je

F, = 0 mueve la RV

*Los defectos rompen la simetria de traslacion!

*Hay sitios energéticamente favorables (centros de anclaje). Si F; <F.
no se mueven. F- determina J..
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La “materia de vortices” es un sistema
& complejo: Interacciones competitivas

Interaccion Configuracién espacial Anclaje
dominante .
Bra lass (BG -
Vortice-vortice ‘. g.g J .( ) debil
sin dislocaciones .
Voértice defecto Vidrio desordenado fuerte
Compiten Dislocaciones _ _
(desorden intermedio) intermedio

Imagenes de experimentos de STM, S. Ganbuli et al. Scientific Report 5,10613, 2015
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Introduc

La materia de vortices: un sistema
complejo modelo F

Envejecimiento

week ending
PRL 96, 217203 (2006) PHYSICAL REVIEW LETTERS

PUBLISHED ONLINE: 26 OCTOBER 2014 | DOI: 10.1038/NPHYS3132

Anclaj €  Enhancement of long-range correlations in a

ek e 2D vortex lattice by an incommensurate 1D

- g wgm - - - r o
Dynamic Compressibility and Aging in Wigner Crystals and Quantum Glasses Ruptura de L Guillam6n**, R Cardoba®™", 1 Sesé®®, 1. M. De Tereea®™. M. R. Vortlces

Leticia F. Cugliandolo,** Thiemy Giamarchi, and Pierre Le Dousssl® S *

"Laborasvire de Physigue Théorigue ef Howtes Energies, 4 Place Jussiea, 75252 Paris Cedex 05, France
I PTENS CNRS UMR, 8549 24 Rue Lhomond 75231 Paris Cedex 05, France
*University of Geneva, DPMC, 24 Quai Ernest Ansermet, CH-1211 Geneva 4, Swigerland

disorder potential

and H. Suderow'?

14
lmetrla L fons in two-dimensional (2D) systems Thouless-Halperin-Nelson-Young (BKTHNY) theory through the

are slgmf’:antly altered by disorder potentials. Theory has  two-stage proliferation and unbinding of topological defects™***"
d the such Quenched disorder, on the other hand, is expected to suppress

(Received 19 November 2005; published 1 June 2006)
Wea study the nopequilibrium linear response of quantum elastic systems pinped by quenched diso|

with Schwinger-Keldysh seal-tim techalques complemented by 2 mean-field variational appsoach. Cristales de

find (i) a quasiequilibrium regime in which the analytic contimuation from the imaginary-time reg
teaults holds provided the marginality condition i enforced. and (i) an aging regime. The conducty

L3
and compreasibility are computed. The latter ia found to croes over from e dynamdc to static value ngner

acale set by the waiting time after a quanch, an effect which can be probed in enperments in, a.g., Wi

as ization' or the of a Bose glass®. long-range correlations more effectively than temperature'®. It
Move recently, it has been shown that when disorder breaks  can be classified as pinning with identifiable length scales, such as
Y y, long-range can be or defects in 2D crystals, or as scale-invariant (random)

Random organization in periodically

glasses.
DeD0: 10.1103FhysRevLet 26,21 7203 PACS numbers: T510Mr 71.55.0w T2.200—i

ElastiCidad PHYSICAL REVIEW LETTERS Wit

VOLUME 93, NUMBER 6 6 AUGUST
y Measurement of the Shear Strength of a Charge Density Wave

plasticidad Nl . ek, . Thare

Laboratory of Atomic and Solid State Physics, Clark Hall, Cornell University, ihaca, New York 14853-250], USA

driven systems Reordenamiento

LAURENT CORTE", P M. CHAIKIN', J. P. GOLLUB2 AND D. J. PINE'* d ,
Coopatrent o i, Hvrord oo, HovrtrPovesnia 000 08, 1Nnamico

Coloides

Published online: 16 March 2008; doi:10.

Understanding self-organization is one of the key tasks for lling and ipulating the of ials at the micro- and
{Recaived 3 December 2003; published & August J004) le. In general, self- ization is driven by i icl ials and is opposed by the chaotic dynamics cllaractensuc
of many dnven non-ethlmnm systems. Here we introduce a new model that shows how the i ible collisions that g ly
W have explored the shear plasticity of charge density waves (CDWE) in NbSe, samples with cros produce diffusive chaotic dynamics can al asystem to self-organize to avoid future collisions. This can lead to a self-organized
sections having a single microfabricated thickoess step. Shear stresses along the step reslt from state, witha d ical phase ing it from fl ing diffusing states. We apply the model
thickness-dependent CDW pinning. For small thickness differences the CDW depins elastically at the . . to recent :xpenmems on penodlcally sheared particle suspensi where a ition from to
vl o fiald, For thick differ the thicker, mm d sida observed. New i d here exhibit kabl with this simple model. More generally, the model and
m B'w pmmug ln.tga " :F“B - nced N :I]:I.l:d.'ﬁ . t’ m a I I I I I I 1 I l experiments pmwde new msng}ns into how driven systems can self-orgamm
depins first via plostic shear and shear plasticity contributes substantial dissipation well above the

depinning fisld. A simple model descrites the qualitative features of our data and yields a value for the
CDW'a shear strength of approximately 9.5 * 10° Nm™2. This value is crders of mognituda smaller
than the COA"s longimdinal modulns but much larger than corresponding valuea for flux line lattices,
and in part explaing the relative coherence of the CDW msponse.

D06 10,1103 PhysRevLett 53, 066601 PACS numbers: T2.15.Mj, TL45Le, TA23-b, T42501
The elastic and plastic properties of driven periodic NhSe; and related quasi-one-dimensional CONY mate-
media including chargefspin density wawves (CI:M&'.I' rials grow as long thin ribbons. Shear usually results from
SRy [1]1 Fhaw lises lotticss in taeme TT chepe in ructal thiskmecs o inted ith m.!.]l-al:lg]c
b () axis, which

Ondas de densidad de carga

nature
de Sorden IP-UBELI-SI;I(Eiﬁ!EG JULY 2014 | DOL: 10.1038/NPHYS3006 phySiCS

lntermedlo Solids between the mechanical extremes of order
and disorder

Carl P. Goodrich™, Andrea J. Liu' and Sidn PaCking de eSferas
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Transicion Orden-Desorden (TOD)
y Efecto Pico (EP)

Vidrio de Bragg (Bragg Glass: BG)

Longitud de correlacion T >>a,

§ Sin dislocaciones
|
= bajo anclaje, baja J,
3 02 | -
i r
g . Stable ] 1 p —l—DCThreshnlﬂF ]
§ ® 1 Sample A N w Lor e 05 Tesis 1 1
® 1 Sample B 4 204 j'; ' i
0.1 ¢ 1 SampleC d f

e

Currant (ma )
=1
o
L

- e, calousted
A 1. Sampls A a0
[ Sample A
o Py TOD
o _ :
0.6 07 0.8 0.9 1.0 JCI IR

Reduced temperature (t=T/T )

Amorfo
Monocristales limpios de NbSe,

| Longitud de correlacion € ~ a,
Z. Xiao et al; PRL. 85,3265 (2004)

Dislocaciones




y Efectos de historia dinamica
(
, « Con una corriente
Despues de En una fase
mover los 9 . Variando H metaestable
vortices
e Con un campo alterno
En el BG Hy T altos
Hy T bajos
Domina F, Domina F_, . Que pasa
en la
Se ordena la RV Se desordena la RV .,
region de

Anclaje (J.) disminuye | Anclaje (J.) aumenta
\f\/ \/\/
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Susceptibilidad alterna en BT

La muestra se monta en un pequeno
transformador a temperatura criogénica , - .
con un campo aplicado H. Mediciones no
El primario modula H. Dos secundarios invasivas
en contrafase miden la variacion de flujo
en la muestra.

*h,. muy chico (h, ~H/105).

Transformador diferencial

) ~
HAC —~— primario _\QQQQQQQQ}—
< ~~secundarios . —
l-\\muestra T 60 \ ‘(00\\muestra
- -
Vv Va
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La técnica de suscopbINURININN

&\. Susceptibilidad alterna lineal yac(t) :
una forma no invasiva de medir el

anclaje de los vortices

= amnon 5
Recuerden
02} -

= i HDC = 32() Oe ‘

= H__ =25 mOe (30 kHz)

+ 04f P

= i -

I

xﬂ . - é -

B - . I

=+ (= : 1

- A.. anclaje
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°* Qué pasaenla

k endi:
PRL 100, 247003 (2008) PHYSICAL REVIEW LETTERS 20 JUNE 20

Ordered, Disordered, and Coexistent Stable Vortex Lattices in NbSe, Single Crystals
G. Pasquini,* D. Pérez Daroca, C. Chiliotte, G. S. Lozano, and V. Bekeris

Departamento de Fisica, FCEyN, Universidad de Buenos Aires, Pabellon 1, Ciudad Universitaria, Buenos Aires, Argentina
(Received 28 December 2007: published 16 June 2008)

0,4

LY
| NN
> © Warming '.‘: .J”* lI‘...\\.__ E‘-c‘
X © Cooling ﬁ:' o * i *“/
-0,61 s é/: y +\* o
LR : * ‘4;,. P TN ;?,
H =320 Oe ﬁ PR 71@?“?&5

| S =90kHz o Vi o
LA
S e “T T
08l —— , i . el I‘: )
7,00 7,05 7,10
T(K)

Después de agitar los vortices:
Respuestas intermedias
independientes de condicioén inicial

region de transicion?

PHYSICAL REVIEW B 84, 012508 (2011)

Dynamics of superconducting vortices driven by oscillatory forces in the plastic-flow regime
D. Pérez Daroca,” G. Pasquini, G. S. Lozano, and V. Bekeris
Departamento de Fisica, FCEyN, Universidad de Buenos Aires and IFIBA, CONICET; Pabellon 1,

Ciudad Universitaria, 1428 Buenos Aires, Argentina
(Received 15 April 2011: revised manuscript received 20 May 2011; published 29 July 2011)

La respuesta final depende de la
frecuencia de agitado!

-0,50 —4V—7—F——F——
T=706K @
0554 — Modelo +
- simulaciones
’ 1. o d 10 Hz .
- oss] o Propusimos
"~ reorganizacion
070 dinamica.

-0,75 T“FCC .
45 30 A5

—
30 15 0 15
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d‘\‘ Nuestra propuesta

Y Orden
intermedia Intermedio

Dependencia en frecuencia y
simulaciones numericas sugieren
una reorganizacion dinamica

G. Pasquini, D. Perez Daroca, C. Chiliotte, G. Lozano y V. Bekeris; Phys.Rev.Lett. 100, 247003 (2008).
D. Pérez Daroca, G. Pasquini, G.Lozano and V. Bekeris, Phys. Rev. B 84, 012508 (2011) .
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d.‘. Vamos por evidencia directa

Eiw 1 (bajos B) (areas chicas)

...........
e ' T e

@l ladge shall
Fardday
gion | ERNE

MO Sample (VL) Detector
\“\\‘
[ S .. Collimated K S K+Q .
Decoracion neutron beam —@:{‘0‘;‘:\‘;\:— —‘:—:—:?2—3— -
. 0 DO
de Bitter W\ Scattered
H || hac |l c y‘\' neutron beam
iy T
. u’ $ Neutrones: SANS
!
H Toda la muestra.
‘ {:\“\ B altos
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J‘. Vamos por evidencia directa
Difraccion de neutrones (SANS)

Criostato Detector

Haz de neutrones \

incidente
I

=1 neutrones - 5

Monocristal de —
7 difractados

NbSe, grande, ¢ &
fabricado en

Bell Labs

Portamuestras
con bobinas

rocking angle

Intensity

Vértices en el
espacio reciproco

rocking angle
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PSI
SANS-II/
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H =5 kOe

47ty

_ dinamica en vortices superconductores

=T =19K 48
0
J
I J
K
L,
i1y
1 1 1
'0,2 0,0 0’2
60— 0, [deg]

[suun "que] |

Agitando vortices en el BG
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Ay
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H =5 kOe y
d
o
8
FC i
i
nn{J
.,"pnunnuﬂnﬂﬂ““nnnu |
T
u ' . po
1 1 1
5,5 6,0 6,5
T [K]

8
0
i1
17
Ty ]
1 l;
_ ! ! I ;o
'0,2 0,0 0'2
60— 0, [deg]

[suun “que] |

&‘. Agitando voértices en el BG
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. Agitando vortices en el BG

[snun “qie] |

4y
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. Agitando vortices en el BG

[suun “qie] |

47y

[suun “qie] |

T [K] 6- 6 [deg]
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. Agitando vortices en el BG

[suun “qie]

4y

Resolucion experimental
- 2D 0 — 6y 2
0% e ™ ? s

§L>> 1/ WOyes
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. Agitando vortices en el BG

Podemos medirlo

ooIO v
10=/ o
() 0071'72'*'(0'—00)2

I\ 2
\/Z_:w exp[Z(ow é)‘dﬂ'.

CL=7Q

[suun -qie]

47y

Resolucion experimental
0) = ——2— exp |2 (9_0")2
~ —eXx
V2T Wyes P Wres

§L>> 1/ WOyes
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J‘ Agitando en la region de transicion

O fcC
T T T — /
065 Tpo/ / 9 | | T
-0, o 5‘03\‘“\% ’/ T =T0
I arm'\“%?ﬁ’t / / T
\N W) 4Tpo { /"" E
< 2
- 2
-0,90 @ CmTo //_ | | |
L ! ! . i 0,2 0,0 0,2
6,0 6,1 T K] 6,3 G- 30 [deg]

16/18
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Agitando en la region de transicion

B rcC
1 1 1
9 | T T
-0,65 )
qer s T=T
arei® e / ;
W) LTQO —
\R atT n "2
= 5
< s
S5,
—
090 } @ C ooling 10 Ty
’ I I I
6'0 E— '1 ——— 0,2 0,0 0,2
' T [K] G- 190 [deg]
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J‘ Agitando en la region de transicion

9 T T T
-0,65 | .
fref S“a\(m%
\N a(m\\,\ 2 / ~
W 2 T ) 4‘3
X att <
5 4
<t =
S,

0,90 } @ C ooling 10 Ty

1
T [K]
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J‘ Agitando en la region de transicion

| [arb. units]
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J‘ Agitando en la region de transicion

D warmed after
sh.at T W < T
sh po
O O

sh.at T Gy T
sh

po

W T 00 7o'l Y ' % /// A 'E'
Yo lbu s 25 =
AR ot o g™ /,; 1 c
< o'o‘.-“. gl goe® ® 2
B-m I-II#-- w “&g i 2
K W @ =
® ooling o Tg 0
_0,90 B (0] ///// a
L | L L L L 1 . , , , I . . . /
6'0 6’1 612 6,3
T [K]
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~ Resultados
&‘. Desorden intermedio

Shaken Shaken
at T >T >T atT <T . (BG)

1.oj 7\_' \ /{/{/{/ c, > a

RESOLUTION/
c.B6)>L /14 ~ 35 a,
1" A //// IIIIII
00 ——— 777 Ty~ 18 2, (12 ay)

s 100 @

res

Estimaciones:

C.(Fc) ~9 a, (5 ap)

N

10 L
G [nm]
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&‘. Conclusiones

La dinamica oscilatoria (agitado) en la region de
transicion lleva al sistema de vortices a
configuraciones con desorden intermedio:

En toda la muestra (bulk)

Independientes de la configuracion inicial
® = Agitar puede ordenar o desordenar la RV

Correlacionado con respuestas intermedias

* = ¢ >> a, pero suficientemente chicas como para
modificar la respuesta global.

La respuesta depende de la frecuencia del agitado

EVIDENCIA DIRECTA DE REORGANIZACION DINAMICA
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Gracias por la atencion!




Intermediate responses in the transitional region

-0,5- 100 kHz

o'og LJ

’ <

- a ; 0
>< 0.0
10Hz Yoo 97 "

_0'7- _ -0 4
I/ >.\:).a P

-0 8 54 68 72
0.8 T (K)

700 704 708 712  7.16
T (K)

- D. Pérez Daroca et al., PRB 84, 012508 (2011).
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2D numerical simulations

([ J
1 . . . . .
= 0 \ // \ // |
2
T, — T ——
0.018 ' ' " ©=0.01880, -
©=0.00190, ——
0012 } f,=0.012f,
0.006 W
> 0 r .
-0.006 | |
0012 | |
(b)
-0.018 | ) ) X 1
2 25 3 35 4

P

FIG. 3. (a) Theoretical current density J/J. at a fixed position,
in a superconducting disk of radius a and a perpendicular sinusoidal
magnetic field, as a function of 7/P for two different frequencies,
1@, solid line and 100@, dashed line, & = ;’a‘f, . Throughout most
of the sample, the current can be described by a square waveform.
(b) Calculated vortex mean velocity v, obtained from molecular

dynamic simulations, as a function of 7/ P.

LTILEIIOAWEIL wI3Iaw L REEENA  RAEW  EIEELAE  EIEwRALE VWALWALY  WWRIWRINE Wil

the shaking force. At very low frequencies, the system reaches

‘l T T T T
0.95 ¢ ®=0.0188 0,
085}
075} ®=0.00190y
a® :
i
065} fip =025 |
f,=0.012f, i
]
035} 0 025 05 075 1]
(@) (b) -
0.45 : : : - - -
1 41 81 121 1 41 81 121
VP VP

FIG. 4. P versus 1/ P starting from an ordered and a disordered
configuration. (a) For two different @ and fixed f;. (b) For two
different f; and fixed w. (Inset) Pg versus f,,/f... showing a
spontaneous creation of disclinations, and a decrease in Py at around

fupl fun = 0.25.

- D. Pérez Daroca et al., PRB 84, 012508 (2011).
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' ! SANS data analysis

Resolution model 1
S X ;
% | ) o -0\
0 gl 1
[(9):/ Py N TR exp 2( ) df'. N =
-0 (l ’Y +( - 0) 27”'01'68 wTCS QOCL
Estimating o, and L
From the experimental setup: (0.104 £ 0.003) deg.
- 2 N 2
p: — Wres I; —I(0;
By minimizing —210g.2”(]0,00, L wTCS) = (wrz,&') - ) + Z ( ’ AI( J)) :
Tes J

J=1

Wres = (0.107£0.004) deg

v 2 0.014deg, or { <40 um ~ Lyes
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’ ! Vortex displacements

During the shaking procedure:

Aag ~ (ag/2)(hsn/B) ~ (ag/2)(hsn/H). (Full penetration)

u(r) ~ r (Aag/ag)
heg, ~ 7 Oe and H = 5 kOe, so Aag ~ 0.05 nm.

u(r) > ag for r > 100 pm. |u>>a,in the most of the sample (R~2.5 mm)

During the measurement:

he. — 2.5 mOe u(r) < 3 nm < & < ay,
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Oo‘
2H-NbSe, single crystal

Clean

Large (5.6 X 4.7 X 0.2)mm?3

From Bell Labs, provided by
G. Nieva (CAB, Argentina)

Phase Diagram of a crystal from
the same batch Non-linear AC

susceptibility in MPMS

Sample characteristics
and phase diagram

'T=55K

30
Bia

10 % 12
H [kO e;\

Transitional

Region /]

Yary

USONN

20
= S pinodal (*)
=0

>
. A
.‘.
v

H [kOe]

vttt
ANS suitable range /
T

H=5kO0e

4

5
T [K]

3

_——

_n
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@ - - ™
Procedimiento experimental
Moldeamos el sistema en T,; Medimos neutrones en T,
ROCKING CURVE AGITAMOS
H Medimos en el (SHAKING) Medimos en el régimen
E regimen lineal lineal h,. =10 mOe
t
b9 2% ; < VNN 000 cycles with < VVV
h,=70
| — FC (H = 5 kOe)
i | >
| | |
T,=1.9K Tsy Tc
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. Shaking the VL in the BG

[snun “que] |

4Ty

[snun “que] |
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. Shaking the VL in the BG

[suun “qie]

4y
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