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L. Verlet: `Chimères et paradoxes'



L. Verlet on Models
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L. Verlet on Simulation



L. Verlet on Simulation



R. P. Feynman `Statistical Mechanics' (1961) 1/2



R. P. Feynman `Statistical Mechanics' (1961) 2/2



λ transition (renormalization-group predictions)

C ∼ |T − Tc |−α where α =
2∆s − 3

3−∆σ

O(2)→ Z2 symmetry breaking.



λ transition (observed reality)

Columbia Space Shuttle mission STS-52 (1992).

Experiment by Lipa et al. (1996), (2003).

α = 0.0127(3).



λ transition (theory + observed reality)

Campostrini et al. (2005): 3D XY model, Cluster MC + HTE.

Xu et al. (2019): 3D XY model, worm algorithm.

Hasenbusch (2019): (N + 1)-state clock model, Cluster MC.

Chester et al. (2019): Conformal bootstrap for O(2)→ Z2



Xu, Sun, Lv, Deng (2019)

Transition temperature of the 3D XY model.

Non-universal model input required for computation of
universal α.



What's the required samples size n?

`Non-chimeric' computations do not require n→∞ limit.



Dvoretzky�Kie�er�Wolfowitz inequality (1956) 1/3

Empirical CDF F̂ , no hypothesis on (atomic) CDF F .

(Cumulative distribution function).



Dvoretzky�Kie�er�Wolfowitz inequality (1956) 2/3

Empirical CDF F̂ , iid samples.

`Corridor', no hypothesis beyond iid.



Dvoretzky�Kie�er�Wolfowitz inequality (1956) 3/3

P[supx |Fn(x)− F (x)| > ε] ≤ 2 exp
(
−2nε2

)
.

Tight constraint: Massart (1990), �gure by Botao Li.



What's the required run time t?

Non-chimeric computations do not require t →∞ limit.



Perfect Markov-chain sampling

Propp & Wilson (1996)



Liquids and computations on liquids



Metropolis et al (1953) (1/2)



Metropolis et al (1953) (2/2)



Alder�Wainwright (1962)



Kosterlitz�Thouless (1973)



Possible phases in two dimensions

Phase positional order orientational order

solid algebraic long-range
hexatic short-range algebraic
liquid short-range short-range



Equilibrium equation of state

1st-order liquid�hexatic (Bernard & Krauth, PRL (2011)).



Irreversible Markov chains in equilibrium statistical physics

Bernard, Krauth, Wilson (2009).

In�nitesimal moves: consensus.

Michel, Kapfer, Krauth (2014) (smooth potentials).



Factorized Metropolis algorithm

Metropolis algorithm

pMet(a→ b) = min

1,∏
i<j

exp (−β∆Ui ,j)


Factorized Metropolis algorithm (Michel, Kapfer, Krauth 2014)

pFact.(a→ b) =
∏
i<j

min [1, exp (−β∆Ui ,j)] .

X Fact.(a→ b) = X1,2 ∧ X1,3 ∧ · · · ∧ XN−1,N



All-Atom Coulomb problem (1/5)

3D water model: bond, bending, Lennard-Jones, Coulomb
(SPC/Fw).



All-Atom Coulomb problem (2/5)

3D water model: bond, bending, Lennard-Jones, Coulomb
(SPC/Fw).

Factors and types.



All-Atom Coulomb problem (3/5)

Factor M = (IM ,TM): |IM | = 6, two molecules. TM =
`Coulomb'.



All-Atom Coulomb problem (4/5)

Water model: bond, bending, Lennard-Jones, Coulomb
(SPC/Fw).



All-Atom Coulomb problem (5/5)

Complexity O(1) per `lifting' move.

This is the cell-veto algorithm (Kapfer, Krauth (2016)).

Thinning, Walker (1977).



ECMC for all-atom water simulations

ECMC: Event-driven, approximation-free, canonical.

ECMC: Potential U not evaluated to sample exp (−βU).
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See: Faulkner, Qin, Maggs, Krauth (2018).

See: Hoellmer, Qin, Faulkner, Maggs, Krauth (2020).



Conclusions

Golden age of physics, and of statistics.

Universality of models.

Computation: road to knowledge.

Loup Verlet: a constant inspiration.


