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Hot questions (about cold liquids)

 

• Equilibrium liquid to glass phase transition: complete mean-field 
theory with Kauzmann transition, and very strong but incomplete 
numerical hints.

• Nature of equilibrium relaxation dynamics close to the experimental 
 Tg where τα  10∼ 2 s: cooperativity, facilitation, spatially heterogeneous
dynamics.

• Basic properties of the glassy state: transport, thermal excitations, 
linear and non-linear defects, rheology, plasticy and failure.

• New physics revealed by the discovery of ultrastable glassy films:
melting, annealing, aging, excitations.

Attacking these problems numerically requires efficient methods to
equilibrate, sample, or prepare glasses with various degrees of 
annealing.
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What we don’t want

 



Glassy dynamics

 

LJ mixture

Debenedetti & Stillinger, Nature (2001)



Glassy dynamics

 

Debenedetti & Stillinger, Nature (2001)



What ‘s on the market

 

• Molecular Dynamics (MD) and local Monte Carlo (MC) capture physical
dynamics, but are then the slowest methods τsampling  τ∼ α.

• Non-local, cluster and collective Monte Carlo moves: apriori require a
great deal of physical understanding. Swap MC leads to τsampling  τ≪ α .

• Parallel tempering and population annealing techniques: equilibrium
variations of simulated annealing to climb barriers in complex landscapes.

• Random pinning/bonding.

• Machine learning assisted Monte Carlo techniques: learning MC moves,
learning Boltzmann distribution.
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Ninarello, Berthier & Coslovich, PRX (2017)
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Boltzmann is safe
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Harmonic potential/Langevin

 



Harmonic potential/Lifted

 

Monthus, JSTAT (2021) 



Phase transitions

 

Many papers over the years by Krauth, Kapfer, Michel, 
Hukushima, Nishikawa, and even Sasa



How about a potential barrier ?
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Glasses

Many particles, repulsive potential

Control temperature or density.



Glasses, in practice

For hard-spheres, Event Chain 
Monte Carlo :



What’s the gain ?



Similar dynamical pathways



New algorithm
Idea: perform rejection-free, irreversible, collective moves in 
diameter space, i.e. a collective swap.

Like ECMC, it satisfies global balance and breaks detailed balance.



New algorithm



New algorithm
Biased random walk
Directed motion in diameter space



Acceleration ?

Swap moves (diameter space) badly needed, cSwapECMC the 
best.



Speedup

Combined cSwapECMC gets the best of both algorithms with 
speedup increasing to about 40 compared to swap at largest 
density.



Yes, it survives N

Time correlations of the hexatic order parameter



And d

N=300 particles in a cubic box with periodic boundary conditions.



3d hard spheres



3d hard spheres



Where does this take us ?
● Faster than the fastest.

● This is just the beginning.

● Physics informed lifting.

● Physics informed learning.



Jamming competition



Jamming competition
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