Sampling of singular Gibbs measure
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Numerical experiments

Contribution |1] Semi-group estimates

We show weak error expansion of a numerical Semi-group: P;f(x,y) =E; , (f (X, Y2))
scheme with rejection for the Langevin pro- )

cess in the case of a singular potential. In or- Theorem 1. Vj € F, dC,q, 0 < b < 5 such
der to achieve this, we provide estimates on the that:

Toy model:

1
U(x) = . + 2%, 371 =15.0, v = 1.

associated semi-group of the process. The class . - 100 -
of admissible potentials includes the Lennard- 0%(Pef — pu(f)) < Cem e a0 -
Jones interaction with confinement, which is an - ’
important potential in molecular dynamics and Idea of proot: For all 0 < b < [, 4 Lyapunov -
served as the primary motivation for this study:. function 0 -

v V(z,y) = exp(bH (z,y) + o(H(z,y))).
Motivation o —_

oL Hypocoercivity in Sobolev spaces: ’ 1 " ; .
Hamiltonian: ;
H(x,y) =U(x) - |y2‘ , HhHmHk _/ hZV()d,U Figure 1: The potential.
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(Gibbs measure:

r p—1 25 -
Mﬁ(dﬁb,dy) _ Z—le—BH(x,y)dxdy. -+ /X Z (Z wi,pV;nghZ) (1 -+ 5pvp) d,u _ \
p=1 \1=0

Goal: compute r » , :
us(f) = E(F(X)), X ~pp. © Dl (V2 =€V IO A (5 Vi) S~
p=1
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Kinetic sampler: H' case done in [2].
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{dXt = Yidt, Lemma 2. Vh € C*({U < oo}), o
dY; = —VU(X;)dt — 7Y;dt + \/275 ~1dB;. Figure 2: Typical trajectory of the empirical aver-
(hy Lh) e < —c|[ P12 g

age without rejection for § = 107 =.

Splitting scheme with rejection:

Proot based on generalised Gamma calculus. Fix K = 1000, T" = 150000, compute K inde-

pendent copies of

1 n
k=1

{X = X,, +9Y,
1RO A BN M ARVOLT T ee B (Cv of the numerical scheme

If H(X,Y) < 5t Why rejection 7 If ()N(n, ffn) scheme without re-
jection:

o (X,11,Yni1)=(X,Y), 7 (f (Xm i’/n)) — 0, with n = |T/§|. The following graph represents
the proportion of copies that have more then 1%
else, for f € F\ Lloc error.

® (Xn—|—17Yn+1) — (Xnal_/n)
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Lemma 3. VO < b < 3,

0.8

Vp = exp(bH (2, y) + o(H (z,y))),

06

Assumptions

Assumptions on U: and a, K > 0 such that V0 < § < dg, (x,y) € 0 ]
r D Hd:
02 -
—ﬁU (:C) < = = = Without rejection
O fD & dzr < oo. S (V'b(leYl)) < (1—045)%($,y)—|—045K. 00 | | | | 1|'|’Iil:h rEjF_cI:ilun
V2U(2)] 00005 00010 00015 00020 00025 00030 00035
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| Lemma 4. V0 < 0 < 0g, 3 nvariant mea- Figure 3: Failure probability.
e dng € R\ [—1,0], oo > 1: sure pig s, Vf € F:
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