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Consider a population evolving as a critical continuous-time Galton—
Watson (GW) tree. Conditional on the population surviving until a large
time 7, sample k individuals uniformly at random (without replacement)
from amongst those alive at time 7. What is the genealogy of this sample
of individuals? In cases where the offspring distribution has finite variance,
the probabilistic properties of the joint ancestry of these k particles are well
understood, as seen in (Ann. Appl. Probab. 30 (2020) 1368-1414; Electron.
J. Probab. 24 (2019) 1-35). In the present article, we study the joint ances-
try of a sample of k particles under the following regime: the offspring dis-
tribution has mean 1 (critical) and the tails of the offspring distribution are
heavy in that o € (1, 2] is the supremum over indices 8 such that the Sth mo-
ment is finite. We show that for each «, after rescaling time by 1/7, there
is a universal stochastic process describing the joint coalescent structure of
the k distinct particles. The special case o = 2 generalises the known case
of sampling from critical GW trees with finite variance where only pairwise
mergers are observed and the genealogical tree is, roughly speaking, some
kind of mixture of time-changed Kingman coalescents. The cases o € (1, 2)
introduce new universal limiting partition-valued stochastic processes with
interesting probabilistic structures, which, in particular, have representations
connected to the Lauricella function and the Dirichlet distribution and whose
coalescent structures exhibit multiple-mergers of family lines. Moreover, in
the case o € (1, 2), we show that the coalescent events of the ancestry of the
k particles are associated with birth events that produce giant numbers of off-
spring of the same order of magnitude as the entire population size, and we
compute the joint law of the ancestry together with the sizes of these giant
births.
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MUTUAL INFORMATION FOR THE SPARSE STOCHASTIC BLOCK
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We consider the problem of recovering the community structure in the
stochastic block model with two communities. We aim to describe the mutual
information between the observed network and the actual community struc-
ture in the sparse regime, where the total number of nodes diverges while
the average degree of a given node remains bounded. Our main contributions
are a conjecture for the limit of this quantity, which we express in terms of
a Hamilton—Jacobi equation posed over a space of probability measures, and
a proof that this conjectured limit provides a lower bound for the asymptotic
mutual information. The well-posedness of the Hamilton—Jacobi equation is
obtained in our companion paper. In the case when links across communities
are more likely than links within communities, the asymptotic mutual infor-
mation is known to be given by a variational formula. We also show that our
conjectured limit coincides with this formula in this case.
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We consider a continuous-time random walk on a regular tree of finite
depth and study its favorite points among the leaf vertices. For the walk
started from a leaf vertex and stopped upon hitting the root, we prove that, in
the limit as the depth of the tree tends to infinity, the suitably scaled and cen-
tered maximal time spent at any leaf converges to a randomly-shifted Gumbel
law. The random shift is characterized using a derivative-martingale like ob-
ject associated with square-root local-time process on the tree.

REFERENCES

ABE, Y. (2015). Maximum and minimum of local times for two-dimensional random walk. Electron. Com-
mun. Probab. 20 no. 22, 14. MR3320410 https://doi.org/10.1214/ECP.v20-3877

ABE, Y. (2018). Extremes of local times for simple random walks on symmetric trees. Electron. J. Probab.
23 Paper No. 40, 41. MR3806408 https://doi.org/10.1214/18-EJP164

ABE, Y. and BISKUP, M. (2022). Exceptional points of two-dimensional random walks at multiples
of the cover time. Probab. Theory Related Fields 183 1-55. MR4421170 https://doi.org/10.1007/
s00440-022-01113-4

ABE, Y., BISKUP, M. and LEE, S. (2023). Exceptional points of discrete-time random walks in planar
domains. Electron. J. Probab. 28 Paper No. 1. MR4664460 https://doi.org/10.1214/23-ejp988

AIDEKON, E. (2013). Convergence in law of the minimum of a branching random walk. Ann. Probab. 41
1362-1426. MR3098680 https://doi.org/10.1214/12- AOP750

AIDEKON, E., BERESTYCKI, J., BRUNET, E. and SHI, Z. (2013). Branching Brownian motion seen
from its tip. Probab. Theory Related Fields 157 405-451. MR3101852 https://doi.org/10.1007/
s00440-012-0461-0

AIDEKON, E., BERESTYCKI, N., JEGO, A. and LUPU, T. (2023). Multiplicative chaos of the Brownian loop
soup. Proc. Lond. Math. Soc. (3) 126 1254-1393. MR4574830 https://doi.org/10.1112/plms.12511

AIDEKON, E., HU, Y. and SHI, Z. (2020). Points of infinite multiplicity of planar Brownian motion: Mea-
sures and local times. Ann. Probab. 48 1785-1825. MR4124525 https://doi.org/10.1214/19- AOP1407

ARGUIN, L.-P., BOVIER, A. and KISTLER, N. (2011). Genealogy of extremal particles of branching Brow-
nian motion. Comm. Pure Appl. Math. 64 1647-1676. MR2838339 https://doi.org/10.1002/cpa.20387

ARGUIN, L.-P., BOVIER, A. and KISTLER, N. (2012). Poissonian statistics in the extremal process of
branching Brownian motion. Ann. Appl. Probab. 22 1693—-1711. MR2985174 https://doi.org/10.1214/
11-AAP809

ARGUIN, L.-P., BOVIER, A. and KISTLER, N. (2013). The extremal process of branching Brow-
nian motion. Probab. Theory Related Fields 157 535-574. MR3129797 https://doi.org/10.1007/
s00440-012-0464-x

ARGUIN, L.-P. and OUIMET, F. (2016). Extremes of the two-dimensional Gaussian free field with
scale-dependent variance. ALEA Lat. Amer. J. Probab. Math. Stat. 13 779-808. MR3541850
https://doi.org/10.30757/alea.v13-31

Bass, R. F., BURDZY, K. and KHOSHNEVISAN, D. (1994). Intersection local time for points of infinite
multiplicity. Ann. Probab. 22 566-625. MR1288124

BELIUS, D., ROSEN, J. and ZEITOUNI, O. (2019). Barrier estimates for a critical Galton—Watson process
and the cover time of the binary tree. Ann. Inst. Henri Poincaré Probab. Stat. 55 127-154. MR3901643
https://doi.org/10.1214/17-aihp878

BIGGINS, J. D. and KYPRIANOU, A. E. (2004). Measure change in multitype branching. Adv. in Appl.
Probab. 36 544-581. MR2058149 https://doi.org/10.1239/aap/1086957585

MSC2020 subject classifications. Primary 60G70, 60G50; secondary 05C81.
Key words and phrases. Random walk, favorite point, extremal value, multiplicative chaos.


https://imstat.org/journals-and-publications/annals-of-probability/
https://doi.org/10.1214/23-AOP1644
http://www.imstat.org
mailto:biskup@math.ucla.edu
mailto:oren.louidor@gmail.com
https://mathscinet.ams.org/mathscinet-getitem?mr=3320410
https://doi.org/10.1214/ECP.v20-3877
https://mathscinet.ams.org/mathscinet-getitem?mr=3806408
https://doi.org/10.1214/18-EJP164
https://mathscinet.ams.org/mathscinet-getitem?mr=4421170
https://doi.org/10.1007/s00440-022-01113-4
https://mathscinet.ams.org/mathscinet-getitem?mr=4664460
https://doi.org/10.1214/23-ejp988
https://mathscinet.ams.org/mathscinet-getitem?mr=3098680
https://doi.org/10.1214/12-AOP750
https://mathscinet.ams.org/mathscinet-getitem?mr=3101852
https://doi.org/10.1007/s00440-012-0461-0
https://mathscinet.ams.org/mathscinet-getitem?mr=4574830
https://doi.org/10.1112/plms.12511
https://mathscinet.ams.org/mathscinet-getitem?mr=4124525
https://doi.org/10.1214/19-AOP1407
https://mathscinet.ams.org/mathscinet-getitem?mr=2838339
https://doi.org/10.1002/cpa.20387
https://mathscinet.ams.org/mathscinet-getitem?mr=2985174
https://doi.org/10.1214/11-AAP809
https://mathscinet.ams.org/mathscinet-getitem?mr=3129797
https://doi.org/10.1007/s00440-012-0464-x
https://mathscinet.ams.org/mathscinet-getitem?mr=3541850
https://doi.org/10.30757/alea.v13-31
https://mathscinet.ams.org/mathscinet-getitem?mr=1288124
https://mathscinet.ams.org/mathscinet-getitem?mr=3901643
https://doi.org/10.1214/17-aihp878
https://mathscinet.ams.org/mathscinet-getitem?mr=2058149
https://doi.org/10.1239/aap/1086957585
https://mathscinet.ams.org/mathscinet/msc/msc2020.html
https://doi.org/10.1007/s00440-022-01113-4
https://doi.org/10.1007/s00440-012-0461-0
https://doi.org/10.1214/11-AAP809
https://doi.org/10.1007/s00440-012-0464-x

(16]

(17]
(18]

(19]

(20]

[21]

(22]

[23]

(24]

[25]

[26]

[27]
(28]
[29]

[30]

(31]
(32]
(33]

[34]

(35]

[36]

(371
[38]
(39]

[40]

Biskup, M. (2020). Extrema of the two-dimensional discrete Gaussian free field. In Random Graphs, Phase
Transitions, and the Gaussian Free Field. Springer Proc. Math. Stat. 304 163—407. Springer, Cham.
MR4043225 https://doi.org/10.1007/978-3-030-32011-9_3

BisKUP, M., GUELER, S. and LOUIDOR, O. (2023). Near-maxima of the two-dimensional discrete Gaus-
sian free field. Ann. Inst. Henri Poincaré Probab. Stat. To appear. Available at arXiv:2010.13939.

BiskupP, M. and LOUIDOR, O. (2016). Extreme local extrema of two-dimensional discrete Gaussian free
field. Comm. Math. Phys. 345 271-304. MR3509015 https://doi.org/10.1007/s00220-015-2565-8

BIsKUP, M. and LOUIDOR, O. (2018). Full extremal process, cluster law and freezing for the two-
dimensional discrete Gaussian free field. Adv. Math. 330 589—687. MR3787554 https://doi.org/10.
1016/j.2im.2018.02.018

BiskuP, M. and LOUIDOR, O. (2019). On intermediate level sets of two-dimensional discrete Gaussian
free field. Ann. Inst. Henri Poincaré Probab. Stat. 55 1948—1987. MR4029145 https://doi.org/10.1214/
18-AIHP939

BiskuUP, M. and LOUIDOR, O. (2020). Conformal symmetries in the extremal process of two-dimensional
discrete Gaussian free field. Comm. Math. Phys. 375 175-235. MR4082182 https://doi.org/10.1007/
$00220-020-03698-0

BRAMSON, M. (1983). Convergence of solutions of the Kolmogorov equation to travelling waves. Mem.
Amer. Math. Soc. 44 285, iv+190. MR0705746 https://doi.org/10.1090/memo/0285

BRAMSON, M., DING, J. and ZEITOUNI, O. (2016). Convergence in law of the maximum of nonlat-
tice branching random walk. Ann. Inst. Henri Poincaré Probab. Stat. 52 1897-1924. MR3573300
https://doi.org/10.1214/15- AIHP703

BRAMSON, M., DING, J. and ZEITOUNI, O. (2016). Convergence in law of the maximum of the
two-dimensional discrete Gaussian free field. Comm. Pure Appl. Math. 69 62-123. MR3433630
https://doi.org/10.1002/cpa.21621

BRAMSON, M. D. (1978). Maximal displacement of branching Brownian motion. Comm. Pure Appl. Math.
31 531-581. MR0494541 https://doi.org/10.1002/cpa.3160310502

CHEN, X. and HE, H. (2020). Lower deviation and moderate deviation probabilities for maximum of
a branching random walk. Ann. Inst. Henri Poincaré Probab. Stat. 56 2507-2539. MR4164846
https://doi.org/10.1214/20- AIHP1048

CORTINES, A., HARTUNG, L. and LOUIDOR, O. (2019). The structure of extreme level sets in branching
Brownian motion. Ann. Probab. 47 2257-2302. MR3980921 https://doi.org/10.1214/18- AOP1308

CORTINES, A., HARTUNG, L. and LOUIDOR, O. (2019). Decorated random walk restricted to stay below
a curve (supplementary material to [27]). Available at https://doi.org/10.1214/18- AOP1308SUPP.

CORTINES, A., LOUIDOR, O. and SAGLIETTI, S. (2021). A scaling limit for the cover time of the binary
tree. Adv. Math. 391 Paper No. 107974, 78. MR4303734 https://doi.org/10.1016/j.aim.2021.107974

DEMBO, A., PERES, Y., ROSEN, J. and ZEITOUNI, O. (2001). Thick points for planar Brownian mo-
tion and the Erd6s—Taylor conjecture on random walk. Acta Math. 186 239-270. MR1846031
https://doi.org/10.1007/BF0240184 1

DING, J. (2014). Asymptotics of cover times via Gaussian free fields: Bounded-degree graphs and general
trees. Ann. Probab. 42 464—496. MR3178464 https://doi.org/10.1214/12- AOP822

DING, J., ROy, R. and ZEITOUNI, O. (2017). Convergence of the centered maximum of log-correlated
Gaussian fields. Ann. Probab. 45 3886-3928. MR3729618 https://doi.org/10.1214/16-AOP1152

DYNKIN, E. B. (1984). Gaussian and non-Gaussian random fields associated with Markov processes. J.
Funct. Anal. 55 344-376. MR0734803 https://doi.org/10.1016/0022-1236(84)90004-1

EISENBAUM, N., KASPI, H., MARCUS, M. B., ROSEN, J. and SHI, Z. (2000). A Ray—Knight theorem for
symmetric Markov processes. Ann. Probab. 28 1781-1796. MR1813843 https://doi.org/10.1214/aop/
1019160507

ERDOS, P. and TAYLOR, S. J. (1960). Some problems concerning the structure of random walk paths. Acta
Math. Acad. Sci. Hung. 11 137-162. MR0121870 https://doi.org/10.1007/BF02020631

FELS, M. and HARTUNG, L. (2021). Extremes of the 2d scale-inhomogeneous discrete Gaussian free field:
Convergence of the maximum in the regime of weak correlations. ALEA Lat. Amer. J. Probab. Math.
Star. 18 1891-1930. MR4332224 https://doi.org/10.30757/alea.v18-71

JEGO, A. (2020). Thick points of random walk and the Gaussian free field. Electron. J. Probab. 25 Paper
No. 32, 39. MR4073693 https://doi.org/10.1214/20-ejp433

JEGO, A. (2020). Planar Brownian motion and Gaussian multiplicative chaos. Ann. Probab. 48 1597-1643.
MR4124521 https://doi.org/10.1214/19- AOP1399

JEGO, A. (2021). Critical Brownian multiplicative chaos. Probab. Theory Related Fields 180 495-552.
MR4265027 https://doi.org/10.1007/s00440-021-01051-7

JEGO, A. (2023). Characterisation of planar Brownian multiplicative chaos. Comm. Math. Phys. 399 971—
1019. MR4576762 https://doi.org/10.1007/s00220-022-04570-z


https://mathscinet.ams.org/mathscinet-getitem?mr=4043225
https://doi.org/10.1007/978-3-030-32011-9_3
http://arxiv.org/abs/arXiv:2010.13939
https://mathscinet.ams.org/mathscinet-getitem?mr=3509015
https://doi.org/10.1007/s00220-015-2565-8
https://mathscinet.ams.org/mathscinet-getitem?mr=3787554
https://doi.org/10.1016/j.aim.2018.02.018
https://mathscinet.ams.org/mathscinet-getitem?mr=4029145
https://doi.org/10.1214/18-AIHP939
https://mathscinet.ams.org/mathscinet-getitem?mr=4082182
https://doi.org/10.1007/s00220-020-03698-0
https://mathscinet.ams.org/mathscinet-getitem?mr=0705746
https://doi.org/10.1090/memo/0285
https://mathscinet.ams.org/mathscinet-getitem?mr=3573300
https://doi.org/10.1214/15-AIHP703
https://mathscinet.ams.org/mathscinet-getitem?mr=3433630
https://doi.org/10.1002/cpa.21621
https://mathscinet.ams.org/mathscinet-getitem?mr=0494541
https://doi.org/10.1002/cpa.3160310502
https://mathscinet.ams.org/mathscinet-getitem?mr=4164846
https://doi.org/10.1214/20-AIHP1048
https://mathscinet.ams.org/mathscinet-getitem?mr=3980921
https://doi.org/10.1214/18-AOP1308
https://doi.org/10.1214/18-AOP1308SUPP
https://mathscinet.ams.org/mathscinet-getitem?mr=4303734
https://doi.org/10.1016/j.aim.2021.107974
https://mathscinet.ams.org/mathscinet-getitem?mr=1846031
https://doi.org/10.1007/BF02401841
https://mathscinet.ams.org/mathscinet-getitem?mr=3178464
https://doi.org/10.1214/12-AOP822
https://mathscinet.ams.org/mathscinet-getitem?mr=3729618
https://doi.org/10.1214/16-AOP1152
https://mathscinet.ams.org/mathscinet-getitem?mr=0734803
https://doi.org/10.1016/0022-1236(84)90004-1
https://mathscinet.ams.org/mathscinet-getitem?mr=1813843
https://doi.org/10.1214/aop/1019160507
https://mathscinet.ams.org/mathscinet-getitem?mr=0121870
https://doi.org/10.1007/BF02020631
https://mathscinet.ams.org/mathscinet-getitem?mr=4332224
https://doi.org/10.30757/alea.v18-71
https://mathscinet.ams.org/mathscinet-getitem?mr=4073693
https://doi.org/10.1214/20-ejp433
https://mathscinet.ams.org/mathscinet-getitem?mr=4124521
https://doi.org/10.1214/19-AOP1399
https://mathscinet.ams.org/mathscinet-getitem?mr=4265027
https://doi.org/10.1007/s00440-021-01051-7
https://mathscinet.ams.org/mathscinet-getitem?mr=4576762
https://doi.org/10.1007/s00220-022-04570-z
https://doi.org/10.1016/j.aim.2018.02.018
https://doi.org/10.1214/18-AIHP939
https://doi.org/10.1007/s00220-020-03698-0
https://doi.org/10.1214/aop/1019160507

(41]

[42]

[43]
[44]
[45]

[46]

KAc, M. (1949). On distributions of certain Wiener functionals. Trans. Amer. Math. Soc. 65 1-13.
MRO0027960 https://doi.org/10.2307/1990512

KAc, M. (1951). On some connections between probability theory and differential and integral equations.
In Proceedings of the Second Berkeley Symposium on Mathematical Statistics and Probability, 1950
189-215. Univ. California Press, Berkeley. MR0045333

MADAULE, T. (2017). Convergence in law for the branching random walk seen from its tip. J. Theoret.
Probab. 30 27-63. MR3615081 https://doi.org/10.1007/s10959-015-0636-6

ROSEN, J. (2023). Tightness for thick points in two dimensions. Electron. J. Probab. 28 Paper No. 18, 45.
MR4543442 https://doi.org/10.1214/23-ejp910

SCHWEIGER, F. (2020). The maximum of the four-dimensional membrane model. Ann. Probab. 48 714—
741. MR4089492 https://doi.org/10.1214/19- AOP1372

ZHAI, A. (2018). Exponential concentration of cover times. Electron. J. Probab. 23 Paper No. 32, 22.
MR3785402 https://doi.org/10.1214/18-EJP149


https://mathscinet.ams.org/mathscinet-getitem?mr=0027960
https://doi.org/10.2307/1990512
https://mathscinet.ams.org/mathscinet-getitem?mr=0045333
https://mathscinet.ams.org/mathscinet-getitem?mr=3615081
https://doi.org/10.1007/s10959-015-0636-6
https://mathscinet.ams.org/mathscinet-getitem?mr=4543442
https://doi.org/10.1214/23-ejp910
https://mathscinet.ams.org/mathscinet-getitem?mr=4089492
https://doi.org/10.1214/19-AOP1372
https://mathscinet.ams.org/mathscinet-getitem?mr=3785402
https://doi.org/10.1214/18-EJP149

The Annals of Probability

2024, Vol. 52, No. 2, 545-575
https://doi.org/10.1214/23-A0P1657

© Institute of Mathematical Statistics, 2024

(1]

(2]
(3]

(4]
(5]
(6]
(71
(8]
(9]
(10]
(1]
(12]

(13]

(14]

[15]

(16]

(17]

(18]

TOWARDS OPTIMAL SPECTRAL GAPS IN LARGE GENUS

BY MICHAEL LIPNOWSKI'"® AND ALEX WRIGHT>?

lDepartment of Mathematics, Ohio State University,, 2lipnowski.1.osu.edu

2Department of Mathematics, University of Michigan, balexmw@umich.edu

We show that the Weil-Petersson probability that a random surface has
first eigenvalue of the Laplacian less than 3/16 — € goes to zero as the genus
goes to infinity.
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In this paper we study singular kinetic equations on R2d by the paracon-
trolled distribution method introduced in Gubinelli, Imkeller and Perkowski
(Forum Math. Pi 3 (2015) e6-75). We first develop paracontrolled calculus
in the kinetic setting and use it to establish the global well-posedness for the
linear singular kinetic equations under the assumptions that the products of
singular terms are well defined. We also demonstrate how the required prod-
ucts can be defined in the case that singular term is a Gaussian random field
by probabilistic calculation. Interestingly, although the terms in the zeroth
Wiener chaos of regularization approximation are not zero, they converge in
suitable weighted Besov spaces, and no renormalization is required. As ap-
plications the global well-posedness for a nonlinear kinetic equation with sin-
gular coefficients is obtained by the entropy method. Moreover, we also solve
the martingale problem for nonlinear kinetic distribution dependent stochas-
tic differential equations with singular drifts.
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THE MINKOWSKI CONTENT MEASURE FOR THE LIOUVILLE QUANTUM
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GRAVITY METRIC
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A Liouville quantum gravity (LQG) surface is a natural random two-
dimensional surface, initially formulated as a random measure space and later
as a random metric space. We show that the LQG measure can be recovered
as the Minkowski measure with respect to the LQG metric, answering a ques-
tion of Gwynne and Miller (Invent. Math. 223 (2021) 213-333). As a conse-
quence, we prove that the metric structure of a y-LQG surface determines its
conformal structure for every y € (0, 2). Our primary tool is the continuum
mating-of-trees theory for space-filling SLE. In the course of our proof, we
also establish a Holder continuity result for space-filling SLE with respect to
the LQG metric.
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We consider the Metropolis biased card shuffling (also called the multi-
species ASEP on a finite interval or the random Metropolis scan). Its conver-
gence to stationarity was believed to exhibit a total-variation cutoff, and that
was proved a few years ago by Labbé and Lacoin (Ann. Probab. 47 (2019)
1541-1586). In this paper, we prove that (for N cards) the cutoff window
is in the order of N1/3, and the cutoff profile is given by the Tracy—Widom
GOE distribution function. This confirms a conjecture by Bufetov and Nejjar
(Probab. Theory Related Fields 83 (2022) 229-253). Our approach is differ-
ent from (Ann. Probab. 47 (2019) 1541-1586), by comparing the card shuf-
fling with the multispecies ASEP on Z, and using Hecke algebra and recent
ASEP shift-invariance and convergence results. Our result can also be viewed
as a generalization of the Oriented Swap Process finishing time convergence
(Ann. Appl. Probab. 32 (2022) 753-763), which is the TASEP version (of our
result).
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OF ISOTROPIC AND STATIONARY GAUSSIAN FIELDS

BY LEONARDO MAINI?® AND IVAN NOURDINP

Department of Mathematics, University of Luxembourg, ®leonardo.maini@uni.lu, bivan.nourdin@uni.lu

Let B = (By)cgd be a collection of N (0, 1) random variables forming
areal-valued continuous stationary Gaussian field on R?, and set C(x — y) =
E[ByxBy]. Let ¢ : R — R be such that E[¢(N)?] < oo with N ~ N(0, 1),
let R be the Hermite rank of ¢, and consider Y; = ftD ¢(By)dx, t > 0 with
D cR? compact.

Since the pioneering works from the 1980s by Breuer, Dobrushin, Major,
Rosenblatt, Taqqu and others, central and noncentral limit theorems for Y;
have been constantly refined, extended and applied to an increasing number
of diverse situations, to such an extent that it has become a field of research
in its own right.

The common belief, representing the intuition that specialists in the sub-
ject have developed over the last four decades, is that as # — oo the fluctua-
tions of Y; around its mean are, in general (i.e., except possibly in very special
cases), Gaussian when B has short memory, and non-Gaussian when B has
long memory and R > 2.

‘We show in this paper that this intuition forged over the last 40 years can
be wrong, and not only marginally or in critical cases. We will indeed bring
to light a variety of situations where Y; admits Gaussian fluctuations in a long
memory context.

To achieve this goal, we state and prove a spectral central limit theorem,
which extends the conclusion of the celebrated Breuer—Major theorem to sit-
uations where C ¢ LR (Rd). Our main mathematical tools are the Malliavin—
Stein method and Fourier analysis techniques.
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