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So ... Why Glasses!?

Do we really know?

Do we need to fully answer why glasses? before we really
further our understanding of glassy dynamics?

Here we take the point of view that, by starting from the fact
that glassy systems exist (as nature presents us with
concrete examples), we can then attempt to characterize
whatever possible universal properties there are in glassy
dynamics.
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2D thin films of crystalline In203_x
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2D electron glass

Orlyanchik & Ovadyahu, PRL (2004)
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Conceptual approach:

Analogy:

Phil Anderson in

Concepts in Solids

Why crystals? Why glasses?

Even without the answer, Even without the answer,

If crystals exist, then one has If glass exist, then one has

Bloch states, Aging dynamics,

quasimomentum, spatial heterogeneities,

phonon spectrum,... universal scalings,...



Guiding principle:
symmetry

Invariance of an effective dynamical action under
uniform reparametrizations of the time scales

Invariance at the level of egs. of motion was long noted

S. L. Ginzburg, Zh. Eksp. Teor. Fiz. 90, 754 (1986) [Sov. Phys. JETP 63, 439 (1986)].
L. B. loffe, Phys. Rev. B 38, 5181 (1988).
L. F. Cugliandolo and J. Kurchan, J. Phys. A 27, 5749-5772 (1994).

Time reparametrization: t — h(t)

Cac(ti,t2) — éAG(tth) = Cac(h(t1), h(t2))

oh

Rag(ti,ta) — Rag(ti,ta) = a—hRAG(h(tl)ah(b))

“Many solutions” of eq. of motion!

This “annoyance”, we claim, has physical meaning
and consequences



FDT plots:
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Reparametrization invariance holds at the level of the action, not only egs. of motion
True for both short range and infinite range models.

Chamon, Kennett, Castillo, and Cugliandolo - PRL 2002a

under t — h(t)

- Oh Aa Oh AR A , advanced dimension
Qi(tl’t2) - Qi(tl’w) - ((9—751) ((9—752) Qi(h(tl)’h(b)) A, retarded dimension

@ Reparametrization Group (RpG)

Kennett and Chamon - PRL 2001

SaclQac] — SaclQac] = Sac[Qag]

Two assumptions: 1) unitarity and causality and 2) separation of time scales

Detailed proof for soft spin version of Edwards-Anderson model  castillo, in preparation



Consequences of Reparametrization Invariance ...



What are the consequences of reparametrization invariance?

_ basis fora =
Dynamical theory of local aging in glasses

Global symmetry =) Slow spatial fluctuations
{ = h(1) local reparametrizations

h(t) — h(t,%)

ke y T (sl ) Transverse
O ( N ) %, fluctuations

Transverse
fluctuations

AN

0 9E4 1
(o)

C)'c'(tl9t2) = C(h(tl,f),h(tz,f))
X (t1,) = X(h(tl,f),h(tz,f))



What are the consequences of reparametrization invariance?

1. A growing dynamical correlation length.

2. Scaling of the pdf of local two-time functions.
3. Functional form of the pdf of local two-time functions.
4. Triangular relations between two-time functions.
5. Scaling relations for general multi-time functions.
6. Local fluctuation-dissipation relations.

7. Infinite susceptibilities.



Joint probability distribution function p(Cr, x7).
L=64,T=0.72T,, V =133, t,, =4 x 10* MC steps.
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Time evolution of p(C,.(t,ty), X+ (t,tw)), for
Surface plot of the joint PDF for t/t,, = 16. t/t, = 1.00005, 1.001, 1.06, 2, 8, 32
Points within the shown contour account (from right to left, 2/3-probability contours).
for 2/3 of the total probability. The crosses are the bulk x(C') for the same
pairs of times.



Random surfaces and local correlations

local correlations: [

R o S @(2,X)

CS(t,tw) ~ f (hgfzfg)) _ (6—[@(7&)—@(%)]) _ (e—Mrﬁw)

NS -y 9. 5)

> X

i) The action must be invariant under a global time reparametrization t — s(t).

ii) If our interest is in short-ranged problems, the action must be written using
local terms. The action can thus contain products evaluated at a single time
and point in space of terms such as ¢,.(t), ¢,(t), Vo, (t), Vo, (t), and similar
derivatives.

iii) The scaling form of C? is invariant under ¢,(t) — ¢,(t) + ®,, with ®,
independent of time. Thus, the action must also contain this symmetry.

iv) The action must be positive definite.

. Sppp = K / % / dt (er((tt)))




Random surfaces and local correlations

SEFF—K/dd /dS VS.OT —K/dd /ds (Vb (s t o~ ___ . P(0.X)

where 1, = \/g
s =Inh(t) J—V\; @(7,,X)

s(t) , s(t) » X
Moyl = [ dsénls) = [ ds s
5(tw) S(tw)
from which: (A, \’éw Ao, ]iw s Ay |§w>c = [s(t) — s(tw)] F(r1i,72,--.,7N)
h(t
zln(h(iu?)) F(ry,ra, TN)

collapse of PDFs at same global correlation



Scaling and collapse of the distribution of local correlations

Bulk correlations: C(t,tw) =~ f(t/tw)
Local correlation distribution: Py, [Ciocall & P, [Ciocall
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Correction from the growing correlation length
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PDF of local coarse-grained correlations Cr at different times t and tw in the
3d Edwards-Anderson model with L = 100 at T = 0.6 < Tc. The waiting-times
are given in the key and the global correlation is fixed to C = 0.4 < Qea.

(a) The coarse-graining boxes have linear size ¢ =9 in all cases. The

curves do not collapse, a slow drift with increasing tw is clear in the figure.

(b) Variable coarse-graining length £ chosen so as to held £ /€

approximately constant. The collapse improves considerably with respect to
panel (a).



Cz(t1,t2) = qpa X f (

Triangular relations

h(Z,t1)
h(Z,t2)

Take 1 <ty <ts3

)

or

h(Z, 1)
h(fa t2)

~ f1 (Cz(ti,t2)/qEA)

fH(Cz(t1,t2)/qa) X [~ (Cz(ta, t3)/qEA)

71 (Cz(t1,t3)/qrA)
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Colloidal Glasses

Data from Weeks et al.



Particle position to spin mapping

Lagrange vs. Euler
Ea (t) — Si(?)

Lack of positional order =g (S;(t)S;(t)) — 0

exponentially fast in |Z — ]‘

Glass type order = (S;(t)Si(tw))

Edwards-Anderson type ordering



Global correlation and aging
1 ¢ T | | | | |

- 200s +
460s X
0.8 : 840s  x
. 1500s .
Setereene, \ 2000s
+ | ® 10 100 1000
0.6 [ T ot 2680s —
- +%>>§§§>@K>|§Hj:~ ...”.... PP 3 5 8 O S d
+++*ixxf%§§*x o % e
BRESRAS $
++++++++%§XX ’
0.4 r Hﬁﬂ%ﬂxﬁ%ﬁ?ﬁ%&i@*@% |

fh ><><>Q< 25X ?%?S%E
AR AN AT RAL X S
TS Tt @—%ﬁx++ X 2% S >§><><>%<
FETTT T

0.2 1 i

O ] ] ] ] ] ]
0 1000 2000 3000 4000 5000 6000 7000

t_tw (s)



Global correlation and aging
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Correlation length
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tl = 1500s t3 = 6400s

Triangular relations
t, = 1600s, 3600s, 63005

2 300
1.8 =+ 250
N
= 1.6 200
Y 1.4
8 150
o
~ 1.2
o 100
@)
- 1
~ 50
Y 0.8
O 0
0.6
0.4
0.2
0

0O 0.20.40.60.8 1 1.21.41.61.8 2



Conclusions:

e Approach: understand dynamics once glasses are presented by nature
* Reparametrization invariance as guiding symmetry
* Soft reparametrization modes: aging is spatially heterogeneous in glasses

e Distribution of ages shows universality - collapse of PDF of local
correlations

e Connection between the distribution of local correlations and the
theory of random dynamical manifolds

* Triangular relations

e Colloidal glasses vs. Spin glasses






