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Colloids, granular materials, foams, hard spheres, and emulsions all provide insight into longstanding ques-
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tions surrounding glass formation, packing, the role of confinement, and jamming. While only 2D and 3D e
systems are studied experimentally, theoretical investigations in higher dimensions help compare the statics °
and dynamics of corresponding phenomena. The aim of this workshop is to use the contrasts and similar-
ities between these different dimensions and systems to identify root causes that are otherwise difficult to
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disentangle, and suggest novel lines of study.

T. Aste (UK) H

C. Bechinger (Germany) N

R. Behringer (USA) A. Mehta (India) S. Torquato * (USA)

R. Blumenfeld (UK) K. Miyazaki (Japan) T. Truskett (USA)

J. Brujic (USA) R. Mosseri (France) M. van Hecke (Netherlands)
H. Cohn (USA) C. O’Hern (USA) E. Weeks (USA)

A. Coniglio (Italy) C. Radin (USA) E. Zaccarelli (Italy)

S. Glotzer * (USA) P. Schall (Netherlands) F. Zamponi (France)

J. Kurchan (France) T. Schilling (Germany)

H. Lowen (Germany) M. Sperl (Germany)

Applications are welcome and should be made by using the application form on the workshop web page
(please see URL below). The number of attendees is limited. The registration fee for the workshop is
100 € and should be paid by all participants. Costs for accommodation and meals will be covered by
the Max Planck Institute. Limited funding is available to partially cover travel expenses. Please note that
childcare is available upon request.
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MPIPKS also encourages applications for individual fellowships (phd,postdoc,sabbatical). We offer an excit- U N l V E R S l T Y
ing and stimulating environment for pursuing cutting-edge research, with about 120 researchers in residence

at any time. With four deadlines per year, we accept applications continuously. For details, please check
http://www.pks.mpg.de/visitors
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Pressure, §P

Prehistory: HS crystallization

Packing fraction, ¢
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Homogeneous crystal nucleation
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Auer and Frenkel, Nature (2002)



Geometrical frustration

triangular lattice FCC lattice vs. icosahedron
2-simplex (triangle) 3-simplex (tetrahedron)

Pfender and
Ziegler, Notices

24-cell -> D, lattice vs. 4-simplex AMS (2004)



4D nucleation barrier
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4D surface free energy is 2-3 times larger
than 3D at similar supersaturations!
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Liquid order and dimension

Bond order parameters
a la Steinhardt and Nelson
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Liquid/crystal structure

resemblance vanishes
with dimension.

* In high-dimensions,
glasses are more easily
accessible than crystal.
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van Meel, Charbonneau, Fortini, Charbonneau, PRE (2009)



MOME PAGE MY TIMES TODAYS PAFER ViIDEC MOST POPULAR TOES TOPICS

Ehe New JJork Eimes The Nature of Glass Remains Anvthing but Clear
WORLD US. XNY./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPFORTS OPINION

David A. Weitz, a physics professor at Harvard, joked, “There are more theories of the glass transition than
there are theorists who propose them.” Dr. Weitz performs experiments using tiny particles suspended in
liquids to mimie the behavior of glass, and he ducks out of the theoretical battles. “It just can get so

controversial and so many loud arguments, and I don’t want to get involved with that myself.”

“[T]here were almost as many
versions of the phlogiston theory
as there were pneumatic chemists.
That proliferation of versions of a
theory is a very usual symptom of
crisis.”

-- Kuhn, The Structure of Scientific Revolutions
(1962)

K. Chang, NYT, 29/07/2008



Hard sphere jamming

Out-of-equilibrium critical
transition, hence describing it
requires a good microscopic glass
theory.

->Stringent test of glass theories.




Jamming phase diagram (nindsight is 20/20)
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Evolving Density

Consistent with d=3 results
Chaudhuri, Berthier, Sastry PRL (2010)
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Between the liquid and jamming, something must —
happen, because TR

z = 2d (isostaticity) POk o
z ~ ¢4 (liquid shell) N

How determined are the force
contacts (and the rattlers)?

CKUPZ Nature Comm. (2014)



Jamming (marginally stable) cage

As proposed by Wyart PRL (2012),
two critical regimes can be identified.

1RSB solution does not: critical
exponents are 0.
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15t power law: near contacts
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Near contacts: remove rattlers
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FullRSB v=0.41269
Suggest that upper and lower critical
dimension d=2 (?)

Agrees with finite-size scaling arguments
of Goodrich and Liu PRL (2012).

CCPZ PRL (2012); Lerner, Duering, Wyart Soft Matter (2013)



24 power law: force contacts
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Force contacts: remove bucklers
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High pressure challenges:

-eliminate rattlers
-network and thus rattlers
reorganize
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Conclusions

Some qualitative and quantitative features of
the mean-field full RSB solution persist all the
way down to d=2.

Refinement and measurement of critical
exponents and of deviations is ongoing.

Some aspects of the Gardner transition may
oe experimentally testable.

Plenty of work about the dynamical transition
nas also been done -> see Yuliang Jin’s poster.




