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http://microgravity.grc.nasa.gov/6712/comflu/FOAM_details.html
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It looks like liquid It looks like solid
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Cornstarch pool is a solid in short times
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Tar pitch 1s a solid if you are not patient enough

World longest experiment (Nature 2013)
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Drastic slow down of dynamics of supercooled liquids
at low temperatures or at high densities
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Blackout or catastrophic crash of the global grids or the internet

(Vespignani, 2010)
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Glasses: Randomly displaced atoms suddenly melts as the
temperature is raised.

Internet. Randomly connected nodes suddenly crashes as a
number of damaged nodes increases.
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Courtesy L. Berthier (2011)
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Courtesy L. Berthier (2011)
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S(k) = Fourier transform of (p(r)(0))

S(k)
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Low temperature near Tg High temperature
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(Mattsons et al 206)
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(Debedenetti et al 2000, Richert et al.1998)
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Soft colloids make strong glasses

Johan Mattsson'+, Hans M. Wyss'+, Alberto Fernandez-Nieves't, Kunimasa Miyazaki*t, Zhibing Hu?,
David R. Reichman?® & David A. Weitz'
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“There are more theories of the glass transition
than there are theorists who propose them.”
D.A.Weitz, asquotedinNY Times
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Landscape picture

Adam-Gibbs theory (1965)
Random First Order Transition theory, (Kirkpatrick Wolynes,1986)

Coexistence of “states” of amorphous order
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DH iIs originated from the static amorphous order
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Frustration picture

(1) Frustration-limited domain (Tarjus, et al. 1996)
(2) Medium-Range Crystalline Order (Tanaka 2006-)

Locally favorable orders such as icosahedral or local crystalline order are
Incompatible with global crystalline order and thus slow dynamics results

e Y (@
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'l Icosahedron‘\ f N

DH is originated from the locally favored static order
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Purely kinetic picture

Kinetically Constrained Model (KCM) Jackle (1980’s), Frederickson-Andersen(1985),
Garrahan-Chandler (2002) etc...

Example: Frederickson-Andersen model (1985)
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Simulation Coase graining

|deal-gas-like defects move around with a nontrivial dynamic rules
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Purely kinetic picture

Kinetically Constrained Model (KCM) Jackle (1980’s), Frederickson-Andersen(1985),
Garrahan-Chandler (2002) etc...

Example: Frederickson-Andersen model (1985)

highT low T Garrahan,Chandler (2002)
100 T | J T I l’l‘\ T T '
% - w _ vl
0 i ] i | 1 | ) |
0 800 1600 0 800 1600
time ]

DH is the spatio-temporal pattern of defects
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Mode-Coupling Theory

Gotze et al. (1984)

A only first-principle theory which can predict the
glass transition as of now.
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Landscape picture
*Frustration picture

* Purely kinetic picture
‘Mode-Coupling Theory

e ...and more

Any of those can explain the experiments equally well or
poorly. Only if there is a single bona-fide glass model or
exact solution at finite dimensions...
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