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Based on joint papers with Nikolai Leonenko (Cardiff University),
Ivan Nourdin (University of Luxembourg) and Francesca Pistolato
(University of Luxembourg).
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Our problem

m B = (Bx),cpre stationary Gaussian field, B, ~ N(0, 1).
m B has covariance function C : RY — R

C(x —y) := Cov(Bx, By), x,y € R?.

m Fix D C RY compact, ¢ : R — R. Consider the functional

Y(t) —E[Y(8)]

Problem: Y(t) = —7 as t — oo.
Var(Y(t))
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Geometric functionals

m We focus on ¢ = 1[_p

Y(t) = /tD ©(By) dx = Vol ({|Bx| < M} N tD)
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Short memory and CLTs

(Ax)yerd Stationary, with covariance K(x) = Cov(Ag, Ax) has
short (long) memory if K € L1(RY) (K ¢ LY(RY)).

Y(t) ::/ AXdX:/ 11— n1,m(Bx) dx
tD tD

(Bx)yere with covariance function C. Then

11_m,m(Bx) has short (long) memory if C € L% (C ¢ L?).
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Short/long memory and limit in distribution

Theorem (Breuer-Major, J. Multiv. Analysis, 1983)
C € L2 (short memory) = Y(t) % N(0,1).

Theorem (Dobrushin-Major (PTRF, 1979); Taqqu (PTRF, 1975))

C(x) <

1”5 , B € (0, %) (long memory) — \N/(t) 71 N(0,1).

lIx

Warning! Intuition on short/long memory can be misleading.
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CLTs in the case of long memory: motivating examples

m Berry's random wave model: B with covariance function

C(X) _ / ei(x,@) df ~ COS(HXH — Cd) ,
Sd—1

Wd—1 Ix|5 2

m B with separable covariance function C : R%t% — R

1 1

d- d 9
bl 2+ x| 2~

C(x1,x0) = Gi(x1) Go(x) = x; € RY

E.g.: rectangular increments of a fractional Brownian sheet.
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CLT in the case of long memory

Theorem (M., Nourdin, Ann. Probab., 2024)
Ifd>2, C(x)=p( = Joa €XNG(dN), then

/||A|—ZG(dA)<oo — V(1) % N0, 1)
Rd

Berry's random wave model: B with covariance function

)= [, oo 2 collxl -
Sd—1

Wd—1 Ix]|% 2

)
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CLT for p-domain functionals

Y(tl, R tp) = ft1D1><---><tpr 1[—M,M](B(x1,...,xp)) dxy ... pr .

Main motivation: spatio-temporal functionals.

Theorem (Leonenko, M., Nourdin, Pistolato, (EJP, 2024+.))

C(xa,---,xp) = Ci(x1) ... Cp(xp) , C € Upy LM then

Ci e L2(R%) for somei — ?(tl, .., tp) = N(0,1).

Cgl?, Gel’ R%) = Y(t,...,t,) — N(0,1).
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Sketch of the proof

m Step 1: G; is a covariance function (of a Gaussian field B()).

m Step 2: 1;_p mj(x) can be replaced by Ha(x) = x2 —1.

m Step 3: use 4th moment theorems (Nualart, Peccati, Ann.
Probab., 2005); (Nourdin, Peccati, PTRF, 2009);...

m Step 4: prove separability for the fourth cumulants.
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Thank you!
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