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POINCARE AND LOGARITHMIC SOBOLEV INEQUALITIES FOR
NEARLY RADIAL MEASURES.

PATRICK CATTIAUX * |, ARNAUD GUILLIN ¢, AND LIMING WU ©

® UNIVERSITE DE TOULOUSE
¢ UNIVERSITE CLERMONT-AUVERGNE

ABSTRACT. If Poincaré inequality has been studied by Bobkov for radial measures, few is
known about the logarithmic Sobolev inequalty in the radial case. We try to fill this gap
here using different methods: Bobkov’s argument and super-Poincaré inequalities, direct
approach via Li-logarithmic Sobolev inequalities. We also give various examples where the
obtained bounds are quite sharp. Recent bounds obtained by Lee-Vempala in the logconcave
bounded case are refined for radial measures.

Key words : radial measure, logconcave measure, Poincaré inequality, logarithmic Sobolev
inequality, Super-Poincaré inequality.

MSC 2010 : 26D10, 39B62, 47D07, 60G10, 60J60.

1. INTRODUCTION

Let u(de) = Z='e=V(®) dg be a probability measure defined on R™ (n > 2). We do not
require regularity for V' and allow it to take values in R U {—o0, +0o0}. We only require that
i e~Vdx = 1, or more generally that the previous integral is finite. We denote by u(f) the
integral of f w.r.t. u.

We will be interested in this note by functional inequalities verified by the measure . Recall
that p satisfies a Poincaré inequality if for all smooth f,

Vary(f) := p(f?) = 12(f) < Cp(p) n(IV f?) (1.1)
and that it satisfies a log-Sobolev inequality if for all smooth f
Ent,(f%) = pu(f* (f?) = p(f*) m(u(f?)) < Crs(p) u(|Vf1?) - (1.2)

Cp and Cpg are understood as the best constants for the previous inequalities to hold. We
refer to [1, 2, 29] among many others, for a comprehensive introduction to some of the useful
consequences of these inequalities and their most important properties, such as convergence
to equilibrium (in L? or in entropy) or concentration of measure.

If 1 is not normalized as a probability measure, (1.1) reads as
u(f?) = (1/u@®™) p*(f) < Cp(p) u(|Vf1%) - (1.3)
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One key feature of these inequalities is their tensorization property namely

Cp(p®v) =max(Cp(p), Cp(v))

(the same for Cg) giving a natural way to control these constants for product measures.

Another particular family of measures is the set of radial (or spherically symmetric) measures
or more generally measures admitting a decomposition

p(dz) = pr(dp) p1q(d0) (1.4)
with z = p6, p € RT and § € S"~!. This amounts to V(z) = V,.(p) + V,(0) and
p(dz) = nw, pt eV P Va0 5 (d9)
where o,, denotes the uniform distribution on S*~! and w,, denotes the volume of the unit

euclidean ball.

We shall call these measures nearly radial. When u, = o, we simply say radial and when V,
is bounded below and above we will say almost radial.

It is natural to ask how to control C'p(u) and Crs(u) in terms of constants related to u, and
lha- Since p, is supported by the sphere we will use the natural riemanian gradient, in other
words, for § € S"!, we will decompose

Vf=Vof+Vorf :=(Vf,0)+1 VS
where IT,. denotes the orthogonal projection onto 6.

Though natural it seems that the previous question was not often addressed in the literature
with the notable exception of radial log-concave measures for which S. Bobkov (see [8])
studied the Poincaré constant (his result is improved in [13]) and for which Huet (see [22])
studied isoperimetric properties.

Our main results in the radial (or almost radial) case say that both the Poincaré and the log-
Sobolev constant are controlled up to universal constants, by the corresponding constants for
the radial part 1, and p(p?)/(n—1) for Poincaré and some slightly more intricate combinaition
for log-Sobolev, i.e.

Theorem 1.1. Let p be a radial measure.
(1) (Bobkov’s result)

Cp(pn) < max (CP(,UT)v u(p2)> :

n—1
(2) (Th. 4.5) there exists an universal constant ¢ such that

()"
Crs(n) < (cstr) + p(p) max (cpw, o 1) ) .
Other results and some consequences are also described. More precisely, the “tensorization”
part of Bobkov’s proof is elementary and will be explained in Section 3, where we will also
show how it applies to other types of Poincaré inequalities (weak or super). As a byproduct
we will obtain a first (bad) bound for the log-Sobolev constant.

In section 4 we propose a direct approach of the logarithmic Sobolev inequality for (almost)
radial measures. This approach uses in particular LY (1 < ¢ < 2) log-Sobolev inequalities
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for the uniform measure on the sphere we establish in Section 2, based on the study made
in [10] and results in [26]. In the framework of general log-concave measures, similar ideas
already appear in [7].

All these results are applied in section 5 to some examples. In particular, in the radial case,
we improve upon the bound recently obtained by Lee and Vempala ([25]) for compactly
supported (isotropic) log-concave measures. It reads

Theorem 1.2 (Th 5.9). For any radial logconcave probability measure p whose support K

is bounded then
diam?(K)

<
Crs(p) <C —

for some universal constant C.

Additional notations.

Let us recall the L! inequalities we are interested in, namely Cheeger (or L! Poincaré)
inequality

u(lf = mf) <€ [ 1V1]da (15)
where m,, f denotes a p-median of f and similarly the L log-Sobolev inequality (1 < g < 2)
p( 1% In([f9) = p(lF17) In(u(lf19) < C/ V% dp. (1.6)

As usual we denote by Cc(p) and Cpgq(pe) the optimal constants in the previous inequalities.
It is known (see e.g. [7]) that Cp(u) < 4CZ(n). One can also show that there exists an
universal constant D such that Cpg(u) < D C%4, (1) (see below).
These inequalities are strongly related to the isoperimetric profile of . Recall that the
isoperimetric profile I, of p is defined for p € [0, 1] as
I.(p)=  inf T(0A
wp)= M(A):pun( )
where .
(AR = (a)
wi(0A) = llinjglf —
A" being the geodesic enlargement of A of size h. Of course in “smooth” situations, as abso-
lutely continuous measures w.r.t. the natural riemanian measure on a riemanian manifold,
I,.(p) = I,(1 — p) so that it is enough to consider p € [0, 1].
The following results are then well known (see e.g. [7] for the first one and [10] Theorem 1.1
for the second one)

Proposition 1.3. There is an equivalence between the following two statements:
1)
Iu(p) = C min(p,1 — p)
2)  and (1.5) holds with constant 1/C.

There is an equivalence between the following two statements:

3)
forpe[0,1/2],  I.(p) = CpIn(1/p)
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4) and (1.6) holds for ¢ =1 and with constant 1/C.

According to the previous proposition a ! log-Sobolev inequality implies

Lu(p) > (1/Crsi(w))p In(1/p) > In(2) (1/Crs1(w)) p /(1 /p)

for p € [0,1/2]. According to the results in [12] the latter implies that Cprs(u) < Cig; (1)
for some new universal constant D.

2. THE UNIFORM MEASURE ON THE SPHERE.

In this section we shall recall some properties of o,, the uniform measure on the unit sphere
27rn/2

S"~1. In what follows s, denotes the area of S*~! which is equal to (/)

Many properties rely on the fact that the sphere S?~! satisfies the curvature-dimension
condition CD(n — 2,n — 1) (see [2] p.87). It follows from Proposition 4.8.4 and Theorem
5.7.4 in [2] that for n > 3,

1 2
CP(O'n) < m and CLS(Un) S m .
These bounds are also true for n = 2. It is easy to check for the Poincaré constant using
e.g. [2] Proposition 4.5.5 iii). For the logarithmic Sobolev inequality see [21]. Actually these

bounds are optimal (at least up to some universal constants).
I, is described in by Bobkov and Houdré in [10] Lemma 9.1 and Lemma 9.2
Proposition 2.1. Let n > 3. Define

fat)y ="l —1<t< 1.
Sn

Let F,, be the distribution function on [—1,1] whose probability density is f,, G, = F; ! be
the inverse function of F,,. Then

2

I, (p) = =2 (1= G2(p) "7 .

Notice in particular that
Sn—1 1 I'(n/2)
I, (1/2) = —=— ————————.
) T R T /2)
Using the extension of Stirling’formula to the I' function, one sees that

Sn—1

lim 27/(n—1)

n—-+4oo

=1, (2.1)

n
so that one can find universal constants ¢ and C such that

cvn—1< Sn—1 < C+vn-—1.

Sn

Using their Lemma 8.2, Bobkov and Houdré ([10]) also show in their section 9 that the
minimum of I, (p)/p(1 — p) is attained for p = 1/2 so that for all p € [0,1/2]

1 sp1

1 > -
Un(p) = 9 Sn

(2.2)
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and

Sn_ C
Sp—1 ~ vV/n-—1

for some universal constant C. Actually, the application of Lemma 8.2 in [10] to I3 for
a € [1,n/(n — 1)] furnishes some Sobolev inequality (see Proposition 8.1 in [10]).

CC(Jn) =2 (23)

Remark 2.2. Since the curvature dimension condition CD(n — 2,n — 1) implies C'D(0, +00)
for n > 2 (i.e. oy, is log-concave) it is known (see e.g. [27] for numerous references) that I,
is concave on [0,1/2]. This furnishes another proof of (2.2).

Actually for any log-concave measure p it was shown by Ledoux ([23] formula (5.8)) that

1
Cc(p) < 6C2(p). The constant 6 is improved by 16/y/m in [14] proposition 2.11. We
thus have the precise estimate Cco(o,) < (16/y/7) (1/v/n — 1) and a lower bound for the
isoperimetric profile linked to the Poincaré constant. Notice that the asymptotic (n — +00)
optimal constant here is 2//7. O

Another remarkable property of log-concave measures identified by Ledoux ([23] Theorem 5.3)
for the usual (IL?) log-Sobolev inequality and generalized in Theorem 1.2 of [26] by E. Milman,
is that the ¢ log-Sobolev inequality also furnishes such a control for the isoperimetric profile,
more precisely for any log-concave probability measure p and p € [0,1/2],

V2 1
I.(p) > m}? Inz(1/p),

in the case ¢ = 2, and more generally there exists an universal constant ¢ such that for all
1<q<2,

e p(1/p).

I, (p) >
Crd (1)

1
The converse statement I, (p) > ¢, p Ina(1/p) implies Crsq(p) < C c% for some universal
m
constant C' does not require log-concavity and was shown by Bobkov-Zegarlinski [12].

Our goal is now to determine the best possible constant Cy,(¢) (best in terms of the dimension)
such that

I, (p) 2 Culq) p In"/9(1/p), (2.4)

and then to apply the equivalence we explained before to derive the best possible L9 log-
Sobolev inequality for o,,.

We shall consider p = F,(z) in order to have a tractable expression

I, (Fa(2)) = 7L (1 - 2?7

Sn

To this end we will use the following elementary lemma

Lemma 2.3. For all x € [—1,0) define A,(x) = (nil) (1—a2)V21, (F(x)). It holds

Ap(x) '

—T

Ap(z) < Fu(z) <
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Proof. For all x € [-1,0), we have on one hand,

Fu(e) = / L (1 )2 gy

—1 Sn

T sp—1 —u 2 (n—3)/2 u

= /1 Spn —T (1 ) d

_ _ Pnml (] p2y(n-D/2 v NV 2
(—x)(n —1)sy, (1 ) (—z)(n —1) (1 )7 I, (F ()

On the other hand
Fu(z) = / L (1 - )2 gy

~1 Sn

[ oo

—1 Sn

- e = L e,

U
It follows for Fj,(x) < 1/2 and provided (—z)/Ay,(z) > 1 (for its logarithm to be positive),
Fo(z) Y91/ Fy(2)) > Fo(z) m"9((=2)/An(2)) > An(z) nV9((=2)/An()) .
But

In((~2)/An(x)) > In(—z) + "=

Im(1/(1—22)) > In(—z) + i In(1/(1—22)) > 0

for all z € (=1, —a] for some 0 < a < 1 using continuity, so that for z < —a,

In(—2) + =L tn(1/(1—22)) > 2222 (11— 22)) .
This yields for such an =z,
— _ 1/q

Fule) Y91/ Fy(2)) > —— (1221, (F(2)) {22 (1)1 = 2?)) + In (D3

(n - 1) " 4 Sp—1
and finally that there exists a constant ¢(q) such that for such an x,

Fu(a) W91/ Fa(@) = cla) (0= )T L, (Fa(@)). (2.5)
q—1

In particular the constant C),(q) in (2.4) cannot be bigger than a constant times (n—1) @ .

For ¢ = 1, it is known (see Theorem 2 in [24]) that

1
Is,(p) = 5_»In(1/p)
for p € [0,1/2], so that if not optimal, this result is optimal up to a constant.

Since we cannot hope a better result, our goal will be now to prove that

q—1

Cn(q) > C(g)(n—1) « .

To this end we will take advantage of Ledoux’s result applied to o,, i.e.

I, (p) = C(2)Vn—1pn'(1/p). (2.6)
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Indeed, its is easy to check that

—1
V= 1pW'2(1/p) > (n—1)"7 pW"9(1/p)
as soon as p > e~ ("1 It is thus enough to consider the remaining p = F.(z) < e~ (n=1),
Using lemma 2.3 we thus have

Sn—1 (1 - 22)(n=D/2 < e=(n=D)

(n—1)s, -
so that
ln(l — 332) < 2 <—1 + ln((n _nli‘g;/sn—l)>
< 2 (—1+m7(:__11)> < —2621,
which implies
O 2.7)
We can thus deduce, for such an x
q 1
F(z) n"/9(1/Fy(x)) < m(1—$2)1/2[an(F(m))
n— 1/q
<ln((n —1)sn/Sn—1) + 5 ! In(1/(1 — 532)))
1 _ 212 "
< S T (@)
n—1\Y4
(1111/(1((71 — 1)3n/5n—1) + < 5 1) ]nl/q(l/(l — 562))>
< Dn-1)7 L, (F(z)), (2.8)

for some constant D. We may thus state

Proposition 2.4. Let n > 3. For any 1 < q < 2 there ezist constants C' and C(q) such that
for all p € [0,1/2] one has

L.(p) > C(n—1)""1pm"9(1/p),

yielding

Cusafon) < Cla) (= )1

n—1

Actually all constants can be chosen independently of q € [1,2]. The bound is optimal with
respect to the dimension.
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3. POINCARE INEQUALITY AND VARIANTS FOR NEARLY RADIAL MEASURES.
Let us explain Bobkov’s tensorization method.

For p(dx) = p,(dp) pa(df) and a smooth f one has first
2
[ £s) i < Cotur) [(@r0).02 utan) + ( [ 100mtan)

2
= Colw) [ ot @R rldn)+ ([ somtin)) . @)

Integrating with respect to u, we obtain

H(2) < Colur) (9ot )+ | ( [ 160 Mr(dp)>2ua(d9) (3.2)

But if we define w(#) = | f(pf) pr(dp) it holds,

/(/ f(pe)“’”(dp)>2““(d9) < Co(u) [ IVu(O) palat) + (/ w(a>ua(d9>>2

Cp(tta) / ‘ / p Vo1 f(p8)ur(dp) 2

IN

pa(d9) + 12(f)

< Cp(pa) pr(p?) p(| Vo f1?) + 12(f) (3.3)

where we have used the Cauchy-Schwarz inequality in the last inequality. Here we assume
that the Poincaré constant of 1, on the sphere S”~! is w.r.t. the usual gradient and not the
gradient on the sphere. Using that

IVofl* + |Vor fI* = |V£I?,

we have thus obtained
Theorem 3.1. If u(dz) = p,(dp) p1q(d6) then
Cp(p) < max(Cp(pr), pr(p?) Cp(pa)) -

Recall that if Cp(u,) < +oo then p,(e*) < 400 for A < 2/1/Cp(ur) (see e.g. [1]) so that
pr(p?) is finite too.

A weak version of the Poincaré inequality has been introduced in [28] (also see the related
papers [3, 9, 16]). A weak Poincaré inequality is a family of inequalities taking the form: for
any t > 0 and all smooth f,

Var,(f) < BT () p(IVfI?) + t Osc?(f) (3.4)

where BEVP is a non increasing function that can explode at t = 0 (otherwise the classical
Poincaré inequality is satisfied) and Osc(f) denotes the Oscillation of f. The previous proof
shows that

Theorem 3.2. If u(dz) = p,(dp) p1q(d6) then
BT () < max(B 7 (¢/2), pr(p®) BT (/2)) -
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The integrability of p? is ensured as soon as ﬁ}I:VP does not explode too quickly at the origin
(see e.g. [3]).

Similarly one can reinforce the Poincaré inequality introducing super Poincaré inequalities
([29, 30, 4, 5, 18, 2]): for any ¢t > 1 and all smooth f

u(f?) < 0u(t) IV F1) + ti(1£1) (3.5)

which is called a generalized Nash inequality in [2] Chapter 8.4. Here §,, is assumed to be a
non increasing function. It immediately follows Cp(n) < 6,(1). If 6,,(t) — 0 as t — 400 one
may consider the inverse function BEP (t) = 0, (t) defined for ¢ €]0,4,(1)] and which is non
increasing with values in [1, +-0co[. We can thus rewrite (3.5) as: for ¢ €]0,0,(1)],

w(f?) < tu(IVIP) + 8270 1) (3.6)

Conversely, assume that there exists a function 5 (that can always be chosen non increasing)
defined for ¢t > 0 and such that

p(f?) < tu(IVEP) + B 12 (1£D)

for all £ > 0 and nice function f. Applying this inequality to constant functions shows that
B(t) > 1 for all t. But we may replace 3(t) by 1 as soon as t > Cp(u).

It is known that if 65 P (t) behaves like ce¢'/t as t — 0, (3.6) together with a Poincaré inequality

is equivalent to the logarithmic Sobolev inequality (see below).

Following the same route we immediately get that for any positive ¢ and s,

u(f?) < (s +Ba (s) tur(p®) (VS 1P) + 21 () Bl (8) i (1F1) - (3.7)
Of course this is a new super Poincaré inequality or more precisely a new family of super
Poincaré inequalities. The most natural choice (not necessarily the best one) is
S

R —
1(p?) BEF (s)
yielding the following

Theorem 3.3. If u(dx) = p,(dp) p1q(df) then

t
Bl (1) < BRI (t/2) B <2M(p2)55f(t/2)> ‘

3.1. The radial case.

If p is radial i.e. y, = 0y, the uniform measure on S*~!, we deduce from Cp(c,,) < ﬁ (see
section 2), that

2
S (3.5
Actually o), satisfies the much stronger Sobolev inequality (for n > 4 see [2] p.308 written
for spherical gradient but recall the introduction)

4
19 102 < onlg?) + Vg[?). (3.9)

"3 (n—1)(n—3) onl
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We deduce from this and the Poincaré inequality, the following inequality

@
9 1Bz < 02(9) + =2 (1 V9P), (3.10)

with ¢, = Z—ﬂ

One can thus derive the corresponding Bff . If one wants to see the dimension dependence
one has to be a little bit careful.
First we apply Hoélder’s inequality for p > 2,

p—2

_1 p=2
an(9?) < o (lglP) o (lal)

n—1
Recall Young’s inequality: for all p > 1 and a,b,t > 0,

then choose p = 27;"_732, yielding according to what precedes
n—1
2 2 Cn 2 m ’n«iﬂ
onl9) = {onlg)+ ——70u([Vgl) on (lgl)
n—1 4
C n+1 _=
< ola) + (%) T oF el

P q
ab<t? @
p q

with 1/p+ 1/¢g = 1. We deduce from what precedes, this time with p = (n+1)/(n — 1),

1 e
) < tenl19aP) + (1 + gt ) o)
and finally that

1
SP —(n—1)/2
BT < 1+ = (=172, (3.11)

We can thus plug (3.11) in Theorem 3.3 and get
Corollary 3.4. If u(dx) = pu,y(dp) on(df) and n > 4, then

u(o?) 85 (t/2)\ "
B7(0) < 657 (/) 1+<<ni3>>

The cases n = 2 and n = 3 can be studied separately.

3.2. Application to the log-Sobolev inequality.

In this subsection we assume that p is (almost) radial as in the previous subsection.

The equivalence between a log-Sobolev inequality and a super-Poincaré inequality is well
known (see e.g. [29] Theorems 3.3.1 and 3.3.3, despite some points we do not understand
in the proofs). But here we need precise estimates on the constants. One way to get these
estimates is to use the capacity-measure description of these inequalities following the ideas
in [5] (also see [31] for some additional comments).
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Lemma 3.5. [see [15] Proposition 3.4]
If i satisfies a logarithmic-Sobolev inequality with constant Cprs(u) then pr(t) < 2e2CLsw)/t,

A simplified version of the results of [5, 4] is contained in [2], see in particular Proposition
8.3.2 and Proposition 8.4.1, from which one can deduce the (slightly worse bound) EP (t) <
e96Crs(p)—2/t

The converse part is a consequence of [2].

Lemma 3.6. [see [2] Proposition 8.53.2 and Proposition 8.4.1]
Conversely, if Bﬁp(t) < C1 %2/t and p satisfies a Poincaré inequality with constant Cp(p),

" CLs(p) < 64 <Cz + In <1 v (1+162)01> CP(M)) -

Proof. Recall that it is enough to look at ¢t < Cp(u) and then take B;fp(t) =1fort > Cp(p).

So we may replace C; e“2/t by the larger il +4262 eC2/t with
1+2e%)C
Ch=Co+Cp(p) In (1 Vv W) .

In [2] terminology we thus have §(s) = C4/In(s(1 + 2¢?)/4), that satisfies the assumptions
of Proposition 8.4.1 in [2] with ¢ = 4. We thus get for p(A4) <2,
4) In((1 4 2¢%)/2u(4))

8C, '

Cap,(A) > il

But for u(A) <1/2,

62
In((1 4 2¢2)/2u(A)) > In (1 + u(A)) .

We may thus apply Proposition 8.3.2 in [2] yielding Crg(u) < 64C%. O

Hence if u, satisfies a log-Sobolev inequality, BETP (t) < 2e*Crsir)/t 5o that using Corollary
3.4,

# n+3

Once again since we only have to look at ¢t < Cp(u), and using (3.8), we obtain the following
worse bound

213 (-1)/2
SP(p) < 9¢2Cusn)/t 4 (QM(P )) o(nH) Crs () (3.12)

(n—1)/2
BSP(t) <9 e—(n—l)CLs(Mr)/max(Cp(Mr%Mn(i)) + 2:“(/)2) e(n+1) Crs(ur)/t .
H - n+3

(3.13)

But we can use the following homogeneity property of the log-Sobolev and the Poincaré
inequalities: defining for A > 0,

[ 1@m@) = [ 100 ud2).

it holds Crs(uy) = A2 Crs(p) (the same for Cp(p)).
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Looking at the pre-factor in (3.13), we see that making A\ go to 0, the second term goes to 0
while the first one is unchanged. Using the homogeneity properties for both p and g, and
using lemma 3.6 again, we have thus obtained

Cus) < 64 ((01) Custn) + € max (Cou) 250) ) g

where

2

Of course in many (almost all) situations C' = 0. Using Cp(u,) < Crs(pr)/2 it is not very
difficult to show that C' # 0 if and only if

2(n —1)* Crs(pr)
1+e?

C—n <1 v 1426 1) Cps )/ mas(Cp ), 142 )) _

p(p®) >

)

in which case C' < In(1 + €?).
These results extend to the “almost” radial situation, using the standard perturbation re-

sult for a (super)-Poincaré inequality or a log-Sobolev inequality, as explained in the next
Corollary

Corollary 3.7. Assume that pu(dx) = p(dp) pe(df) with

ditg
doy,

mg‘ <M

where o, is the uniform probability measure on S"~1. Then

% 1 (p?)

< .
Cp(n) < Cplur) + — =

If n > 4 and p, satisfies a log-Sobolev inequality then so does p and

M
Crs(p) < 64— (n+1) Crs(pr)

3 > 2012 Crs(n) iy which case

except if p(p e

qamsmf<mﬂmmwwhm+%ﬂﬁ).

The previous two bounds amounts to the existence of an universal constant C such that

2
Crs(p) < C % max <nCLS(ur) , Z(f i) .

We may of course adapt the above proof to characterize the logarithmic Sobolev inequality
starting from Theorem 3.3, i.e:

Theorem 3.8. Assume that
Poincaré inequality with B Pt

Crs(p)

4, p(dx) = pr(dp) pe(dl) and that pe satisfies a super
Cot™". Then

CLS(#T) =+ Cﬂr( 2) CP(,Ua)) .

n >
):
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4. THE LOGARITHMIC-SOBOLEV INEQUALITY IN THE NEARLY RADIAL CASE.

4.1. An alternate direct approach.

13

Instead of using super Poincaré inequalities, let us try to directly mimic Bobkov’s ten-

sorization in the case of log-Sobolev. First

/ (2 () (06) p(dp) < Cus(pr) / VoS (o)[2 pir(dp) +

w ([ 2o wan) w( [ Penman) . @y

so that integrating with respect to u, we get

Ent,(f?) < Crs(u) u(|Vof]?) + Ent,, (w?)
with

w®) = ( [ £09 ur(dm)é ,

after having remarked that

(f2) Wn(a(f2)) = pra(w?) I (pra(2)).
We are thus facing a difficulty. Indeed

0 0) - (d
Vu(0) = J F(p8) pVor f(p )M;( P
(J £2(p0) pr(dp))®
Hence if we use the classical log-Sobolev inequality
Ent,, (w?) < Crs(pa) pa(|Vwl?)

(f £(00) p Vs f(p9) pr(dp))
Cs(ka) / I £2(p0) 1 (dp)

Using Cauchy-Schwarz inequality in two different ways we have obtained

IN

Proposition 4.1. If u(dz) = pr(dp) pa(df), then
(1)
Bnty(f2) < max (Crs(inr), | p 1wy Crslia)) w(IVIP).

(2)
Ent,(f2) < max (Crs() , Crs(a)) p((1V p)* [VFP).

ta(d0) .

(4.2)

(4.3)

Since the log-Sobolev inequality is preserved when translating u, the first inequality in Propo-

sition 4.1 implies

Corollary 4.2. If u(dx) = pr(dp) pa(df) and p is supported by a bounded set K, then

diam?K
Curs(p) < max <CL5<MT>  dam K csta)) |
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The second inequality in Proposition 4.1 is a weighted log-Sobolev inequality, with weight
(1V p)2, which is much weaker than the log-Sobolev inequality. These inequalities have been
studied for instance in [30, 20]. Consequences in terms of concentration, rate of convergence
or transport are in particular discussed in section 3 of [20]. The weight (1 V p)? is however
too big for being really interesting. In particular this weighted log-Sobolev inequality does
not imply a Poincaré inequality in whole generality.

Now consider the almost radial situation. According to section 2, Crs(oy) < % for n > 2.
It thus follows from corollary 4.2 and perturbation arguments

Corollary 4.3. For all u(dz) = p-(dp) pa(dl) supported by some bounded set K and satis-
fying

m < ‘ diall
= |don || =
it holds )
M diam*K
< — . 4.4
Cus() < masx (Cusr), 20 S48 (4.4
4.2. The (almost) radial case.
Assume for a moment that p, = 0y,. Rewrite (4.2),
H(#2 () < Cuslin) n((9af?) + [ g () dor, (4.5)

. 1
with g(8) = (f f*(p8) pur(dp))"/? and 1 < ¢ < 2.
Instead of the usual log-Sobolev inequality, we may now use the LL? log-Sobolev inequality
for o, we have obtained in section 2. It thus holds

/gq In(g9) do, < c(n— 1)1 / |Vorg|?do, + (/ quan> In (/ quan) . (4.6)

so that
Ent, (/%) < Crs(u) u(IVofI2) + ¢(n— 1)1 / Vpegl? do .

Now

1—q q
[ Wogltin, = 2 ( / fg(p9)ﬂr(dp)) ( / IfIVeLflpur(dﬂ)) do
-4 3
< 2 [ ( / deﬂr) ( / \VaifIZd/Jr> do
= 3
< 2y ( / f2du> ( / !VeLflzdu> (47)

where we have used Holder’s inequality in the last line. If ¢ = 1 we may also use the bound

[ ogiaon <2 [ ( / f202dur>1/2 ( / \Velfpd/irf o (45)
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First use (4.7). Recall Rothaus lemma
Ent,, (%) < Ent,((f - p(f))?) + 2 Var,(f) .
We may thus replace f by f — u(f) and use Poincaré’s inequality in order to get
[ Wosattaon < 2 1ol Cot) ([ 9ot an). (1.9

Gathering all these results, using again Poincaré inequality for bounding the variance and
Theorem 3.1, we thus have if u is supported by K

Bue() < Cuslir) [ INof(p9)F notdo) + 2Co(a) ( [ 1947 an)

+ela) 00~ 1) diant(K) Colp) ([ 190 fPd) . (a0

It is easy to check that the best value of ¢ is 2 if diamK < (n—1) and 1 if diamK > (n—1).
We have thus shown

Theorem 4.4. There exists an universal ¢ such that, if u is radial with bounded support K,

Cus() < 2 max (Cp(nr) 200 ) + s (Cusn) e min diamic, 2D )

1 n—1
If 1 is almost radial it is enough to multiply the previous bound by M /m.

Now we come back to (4.8).

Let us consider [ f? p? dp integrating first w.r.t. u,. By using the variational description of
the relative entropy we have for any ¢ > 0

[ #6007 wian) < B (2eon+ g ( [ wman) ([ Peoman) . @

We may of course stop here to get a first control of the logarithmic Sobolev constant of y by
uing recentering and Rothaus lemma (see the end of the argument) but les us see how using
the same approach will provide us with an easy to apprehend formulation of the logarithmic
Sobolev constant. We first use

/f202dur < 2/f2 (p = 1(p))? dp + 2#3(p)/f2dﬂr,

and using again the variational description of the relative entropy we have for any t > 0,

[ 00 -t o) < Buty (o0 + 5w ([ O @) ([ P00 mian)

(4.12)
But since p — p — p,(p) is 1-Lipschitz and of p, mean equal to 0, it is known (see e.g. [7]
formula (4.9)) that for t < 1/Crs(pr)

1
e P=me)* 1 (dp) < )
/ 1-t¢ CLS(,U'T)

For t =1/2Crs(u,) we thus deduce

/fz(/)@) (p—1(p))? pr(dp) < Crs(pr) / Vo f(pO)I? ur(dp) +In(2) CLS(NT)/fZ(pe)MT(dP)-
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Finally

[ £ du < 2Custi) [ 1VarP du + 2002) Cuslur) + () [ P (@13)

Replacing f by f — u(f) and using the Poincaré inequality, we thus deduce

[ G=uh)2 P du < 2Cus(ur) [ 1917 du+ 20002 Cuslon) + o) Col) [ V57 d.
Gathering all what precedes we get

Ent,((f — p(f))?) < Ap(IVFI?)
with
A = Cuslpr) + ¢ (Crs(ur) + 20n(2) Cus(pr) + 12(p) Co())? - (4.14)
To conclude it remains to use Rothaus lemma again. We have thus obtained after some
simple manipulations using in particular 2Cp < Cprg, the concavity of the square root, and

the homogeneity of the inequalities w.r.t. dilations as we did in order to get (3.14) but this
time with A — +o00, and finally (3.8) (replacing for simplicity the max by the sum)

Theorem 4.5. There exists an universal constant ¢ such that, for all u(dz) = p,(dp) pe(d)
satisfying

< ‘ dpal| M.
T ldon ||
it holds
u oy 1/2
Crs(p) < ¢ — (CLs(ur) + p(p) max (Cp(ur)» Z(f i) :

Alternatively we have

Custu)) < o (cst e (g hm ([ @) e (Crtun) 5@?)”) .

>0

Notice that if p is supported by a bounded set K, we recover only partially the conclusion
of Corollary 4.3.

Remark 4.6. Of course the previous results are much better, in terms of the dimension
dependence, than Corollary 3.7 since the pre-factor of Crg(u,) is “dimension free” (more
precisely can be bounded from above by an universal constant), while the dimension appears
in front of Crs(u,) in Corollary 3.7. Let us remark also that the constant appearing in
the second formulation is close from the one obtained by Bobkov in dimension one [7]. It
will appear again in the next Section. Remark also that contrary to the corollary, the proof
cannot be extended to more general cases, except if the angular part j, satisfies a similar L'
log-Sobolev inequality. &

To finish this section, let us remark that one could also get another way to control (4.8)
by using Lyapunov conditions rather than using the Logarithmic Sobolev inequality for the
radial part. Of course, by [17], one also knows that in our setting a logarithmic Sobolev
inequality is equivalent to some Lyapunov type conditions. However we will see that in order
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to control (4.8) one needs a slightly weaker inequality. Indeed let us suppose here that there
exists W > 1, a,b > 0 such that

L,W
p? < —a”7 +b (4.15)

where L,f = f" — (V! + ”le) f' is the generator corresponding to the radial part of u. Recall
now that we need to control

/ F20%pr(dp).

Using (4.15) we get

/f2p2urdp <a/f2 L (dp) +b/furd/))

The first term is easily dealt with, using integration by parts or a large deviations argument
as in [18]:

/f2 pr (dp) < / Vo.f(00)* 1 (dp).
We then use the same trick as before, i.e centering and Rothaus lemma to get

Proposition 4.7. Assume (4.15). There exists an universal constant ¢ such that, for all
p(dz) = pr(dp) pa(dO) satisfying

ditg
doy,

<M,

mg‘

it holds

M n(p)\"?
Cus() < 2 ( Custir) +va+ Vomax (Criur), ET) ).
Remark 4.8. Let us make a few comments about the Lyapunov condition (4.15). It has been
shown in [19] that it is a sufficient condition for Talagrand inequality, and that there exists
examples satisfying this condition and not a logarithmic Sobolev inequality. Nevertheless,
we need for the first part of the proof that the radial part satisfies a logarithmic Sobolev
inequality. More crucial are the values of the constants a and b with respect to the dimension.
If a can be chosen dimension free in usual cases, say V,(p) = p¥, b is then of order n and
we then get an additional y/n factor for the logarithmic Sobolev constant in this case. Of
course, it is surely better than the n factor by using Super-Poincaré inequality. &

5. SOME APPLICATIONS IN THE (ALMOST) RADIAL CASE.

The main interest of the previous results is that they reduce the study of functional inequal-
ities for p to the one of its radial part p, which is supported by the half line. For such
one dimensional measures explicit criteria of Muckenhoupt (or Hardy) type are well known
[1, 2, 6, 5, 4]). Let us recall the case of the Poincaré inequality (see e.g. [2] Theorem 4.5.1)
and of the log-Sobolev inequality (see [5] Theorem 7 with T'(u) = 2u, or [15] Proposition 2.4
for a slightly different version).
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Proposition 5.1. Assume that p, is absolutely continuous w.r.t. Lebesque measure with
density p.. Assume in addition that the support of u, is an interval I. Let m be a median of
Wy, then

1
B max(b_,by) < Cp(pr) < 4 max(b_,by)

and
1
3 max(B_,B}) < Crs(pr) < 10 max(B_, By)
where mo
b_= sup (|0, / dp
zel,0<z<m ([ ]) T p’/‘(p)
o1
by = sup pr(lz,+00 / dp
* zel,x>m ([ )) m pT(p)
while

1 m 1
&‘mﬂimwmwm@+mmﬂﬂé (o)
1

By = sup #dhrﬂmwln<1+u([1>(/$

zel,x>m T .’IJ,—FOO))

Several methods are known to furnish estimates for quantities like p,([a,+oo[) or [(1/p;)
(see e.g. [1] chapter 6.4).

Remark 5.2. We will not study in more details the L' inequalities on the real (half) line.
However, because it is immediate, let us only give an upper bound for Cc.

Proposition 5.3. Let v(dx) = e W) g be a probability measure on R.
Then Cc(v) < max(bl,bl) where

bt =sup Dy —0,t])  and bl = sup eV u([t, +o0) .
teR teR

Proof. We simply write for any a,

v(lf =mu () < v(f = fla

// (1)t v(dz) + /+°°/ (1) dt v(dx)

Stfﬂﬂﬂ ,Dﬁ+/ /()] ([t +ool) d

and then write dt = eV v(dt) to get the result. O

t)dt

v(dz)

It is possible to get a lower bound, and bounds for Cr g1 using ad-hoc Orlicz spaces as in [10]
and the previous trick in one dimension. &

Remark 5.4. Before to study some simple examples, let us say a word about “optimality” in
the radial case.

Notice first that if f(x) = g(|z|), Vf(x) = ¢'(|z|) a7 so that IV£I2(z) = (¢'(Jz]))?. Tt follows
that Cp(u) > Cp(u,) and similarly for the log-Sobolev constant.
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If we take f(z) = > i, xi/|z|, Var,(f) = 1 while u(|Vf|?) = (n — 1) u(1/p?) so that

Cp(u) > 1/((n—1) u(1/p?). The latter is smaller than pu(p?)/(n — 1) but both quantities are
comparable in many situations. We shall see it on the examples below. &

In all the examples below, we will pay a particular attention to dimension dependence, so
that any sentence like “the good order” or “good dependence” has to be understood “with
respect to the dimension n.

Ezample 5.5. The uniform measure on an euclidean ball.

Consider the simplest example for radial y i.e. the uniform measure on the euclidean ball of
radius R. The good order for the log-Sobolev constant has been derived in [11] Proposition
5.3 by pushing forward the gaussian distribution onto the uniform one on the ball (also see
Proposition 5.4 therein for the LSq inequality).

We shall obtain here similar bounds by using our results. First
n—1

n
pr(dp) = 2771 lo<p<rdp

so that the mean, the (unique) median, the second moment, the Variance of u, are respec-
tively:

n n n
=— R = (1/2)"/" R %) = R% v, = 2
It is then easily seen that b_ and b4 are both less than n(%;) provided n > 2. The case n = 2

can be handled separately. It follows that Cp(u,) < 4 (R?/n?). We also have Cp(u,) > vy,
so that R?/n? is the good order. Finally

o) <o (5. i) ¥

This bound is not sharp, but asymptotically sharp. Indeed u(1/p?) %R‘% so that

T on

according to the discussion in remark , Cp(u) > n(”n__Ql) R2.

Notice that the upper bound better is exactly the one obtained in [13] Theorem 1.2, while
the lower bound is better than the one in [13]. Theorem 1.2 in [13] deals with general radial
log-concave measures. by using dedicated tools for log-concave one dimensional measures,
we shall come back to this later.

We turn now to the log-Sobolev constant assuming first that n > 3.

First
2

B_ = sup (1 — ($/mn)n_2) In(1 + (R/x)"),

0<z<m, n(n —2)
so that using In(1 +«") <In2+ nln(u) for u > 1, we deduce

R? 1 [/In2 R?
B_< sup( — | — +1nu < c ,
n—2 u>1 \u? \n n—2

with ¢ = é 1“72 < 1. Similarly, using In(1 + u™) > nlnw for u > 1 we have
2 2
5> B <h12“ (1 _ 2(n2)/nu(n2))> N
n—2 gimey \ U n—2
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with for instance co = In2/16 obtained by choosing u = 4.

Next
R? 1
B, = 1— R)" 2(n—2)/n_ R/x)"2) 1 1
v O @ e (®ay =) (14 1= )

so that ) )

R R

By < — sup (vIn(l+ (1/v < —
T nn—-2) 0<UI§)1( 1+ 1/0) < n(n —2)

Gathering all this we obtain that

In2 R? R?

g < <1 .

103 n 3 = Crsli) <1027

Note that choosing f(x) = = one gets the better lower bound

2 2 n—2
2 > R? i n(1l+3)- = ) >2R? -~ ~_
CLS(N)_RH+2 (n( +n) - > 2R

Using Corollary 4.3 we have thus shown, since Crs(p) > Crs(pr), and after simple manipu-
lations

Proposition 5.6. For all n > 3 the uniform measure p on the euclidean ball of radius R

‘ _9)R? 2
satisfies % % < Crs(p) <10 %.

FEzample 5.7. Spherically symmetric log-concave measures.

The previous example is a particular example of a radial log-concave measure, i.e. u(dzr) =
e~V(2D) dz where V is convex and non decreasing. Actually for what follows (in the radial
situation) we do not need V' to be non decreasing, but still convex.

For such measures the Poincaré constant was first studied by Bobkov in [8]. Bobkov’s result
was improved by Bonnefont-Joulin-Ma in [13] Theorem 1.2 who states that for such measures

u(f;z) < Cpl) < p(p?) (5.1)

- “n—1"
The case of the log-Sobolev constant was not really addressed in the specific radial situation,
but rather for general log concave distributions. Define

Orl(p) = inf{t>0; / exp(|z — p(x))?/t?) p(dr) < 2}.
Then, according to Bobkov’s theorem 1.3 in [7], if u is log-concave

Crs(n) < COré*(p) (5:2)

the right hand side being finite or infinite. When p is supported by a bounded set K, this
yields the rough bound Crg (1) < C diam?(K). The latter has been improved in [25] Theorem
8, where it is shown that Crs(u) < Cdiam(K) provided p is isotropic (i.e. its covariance
matrix equals identity). Notice that Bobkov’s Corollary 2.3 in [7] tells that

Crs(p) < 2(Cp(p) + diam(K) v/ Cp(p)), (5.3)

so that, it also furnishes the diameter bound if the K-L-S conjecture is true.
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Actually the specific radial case was only addressed in [22] where the author studies the
isoperimetric profile of radial log concave distributions (see theorem 4 and theorem 5 therein).
Connections between the log-Sobolev constant and the isoperimetric profile are strong in the
log-concave situation (see [26] Theorem 1.2) but the results of [22] are not easy to handle
with. We will thus use our previous results to derive explicit bounds.

Writing p,-(dp) = nwy, p" e V() dp with w, the volume of the unit euclidean ball, we
see that p, is also log-concave. Ome can thus apply Bobkov’s results in [7], starting with
Proposition 4.4 therein

20rP () < Coslm) < 180rP(n,) (5.4)
where
Orl(ur) = int{(t >0 [ expl(p = ur(p)*/t%) r(dp) < 2.
As a byproduct we get thanks to Theorem 4.5 and (5.1)

Proposition 5.8. If i is a radial log-concave distribution,

Crs() < C (0r12<m+ j‘ff’%) |

Using (5.4) and remark 5.5, one can also derive some lower bound.

If we assume in addition that p is supported by a bounded set K, we may obtain other
bounds using our Corollary 4.3 (the same with Theorem 4.4). First we may translate pu so
that its support is included in the centered euclidean ball with radius diam(K)/2. But we
may also remark that

pr(dp) = Z, e DIemV0) gp — 771 e W) g
with
n—1 S 4(n—1)
p? — diam?(K) "’
According to Bakry-Emery criterion (see e.g. [2] Proposition 5.7.1) we deduce
diam?(K)
2(n—1)

W"(p) =V"(p) +

Crs(pr) < (5.5)

Applying Corollary 4.3 we have thus obtained

Theorem 5.9. For any radial log-concave probability measure v whose support K is bounded,
diam?(K)

(n—1)
This bound is sharp in the sense that a similar lower bound is true for the uniform measure
on a ball (recall Proposition 5.6).

Crs(n) < C

When the diameter is less than n this result is better than [25]. Actually we do not need p
to be isotropic contrary to [25]. In general there is no control on the diameter of K for an
isotropic log-concave measure (or more generally for an almost isotropic measure i.e. such
that Cov < Id in the sense of quadratic forms), except of course that diamK > \/n.



22

P. CATTIAUX, A. GUILLIN, AND L. WU

Acknowledgements. This work has been (partially) supported by the Project EFT ANR-
17-CE40-0030 of the French National Research Agency

(1]

REFERENCES

C. Ané, S. Blachere, D. Chafai, P. Fougeres, 1. Gentil, F. Malrieu, C. Roberto, and G. Scheffer. Sur les
inégalités de Sobolev logarithmiques, volume 10 of Panoramas et Synthéses. Société Mathématique de
France, Paris, 2000.

D. Bakry, I. Gentil, and M. Ledoux. Analysis and Geometry of Markov diffusion operators., volume 348
of Grundlehren der mathematischen Wissenchaften. Springer, Berlin, 2014.

F. Barthe, P. Cattiaux, and C. Roberto. Concentration for independent random variables with heavy
tails. AMRX, 2005(2):39-60, 2005.

F. Barthe, P. Cattiaux, and C. Roberto. Interpolated inequalities between exponential and Gaussian,
Orlicz hypercontractivity and isoperimetry. Rev. Mat. Iber., 22(3):993-1066, 2006.

F. Barthe, P. Cattiaux, and C. Roberto. Isoperimetry between exponential and Gaussian. Flectron. J.
Probab., 12:1212-1237, 2007.

F. Barthe and C. Roberto. Sobolev inequalities for probability measures on the real line. Studia Math.,
159(3):481-497, 2003.

S. G. Bobkov. Isoperimetric and analytic inequalities for log-concave probability measures. Ann. Probab.,
27(4):1903-1921, 1999.

S. G. Bobkov. Spectral gap and concentration for some spherically symmetric probability measures. In
Geometric aspects of functional analysis, Israel Seminar 2000-2001,, volume 1807 of Lecture Notes in
Math., pages 37—43. Springer, Berlin, 2003.

S. G. Bobkov. Large deviations and isoperimetry over convex probability measures. Electron. J. Probab.,
12:1072-1100, 2007.

S. G. Bobkov and C. Houdré. Some connections between isoperimetric and Sobolev-type inequalities.
Mem. Amer. Math. Soc., 129(616):viii+111, 1997.

S. G. Bobkov and M. Ledoux. From Brunn-Minkowski to Brascamp-Lieb and to logarithmic Sobolev
inequalities. Geom. Funct. Anal., 10(5):1028-1052, 2000.

S. G. Bobkov and B. Zegarlinski. Entropy bounds and isoperimetry. Mem. Amer. Math. Soc.,
176(829):x+69, 2005.

M. Bonnefont, A. Joulin, and Y. Ma. Spectral gap for spherically symmetric log-concave probability
measures, and beyond. J. Funct. Anal., 270(7):2456-2482, 2016.

P. Cattiaux and Guillin A. On the Poincaré constant of log-concave measures. To appear in Geometric
Aspects of Functional Analysis: Israel Seminar (GAFA)., 2019.

P. Cattiaux, I. Gentil, and A. Guillin. Weak logarithmic Sobolev inequalities and entropic convergence.
Probab. Theory and Rel. Fields, 139(3-4):563-603, 2007.

P. Cattiaux, N. Gozlan, A. Guillin, and C. Roberto. Functional inequalities for heavy tailed distributions
and applications to isoperimetry. Electron. J. Probab., 15:346-385, 2010.

P. Cattiaux and A. Guillin. Hitting times, functional inequalities, Lyapunov conditions and uniform
ergodicity. J. Funct. Anal., 272(6):2361-2391, 2017.

P. Cattiaux, A. Guillin, F.Y. Wang, and L. Wu. Lyapunov conditions for super Poincaré inequalities. J.
Funct. Anal., 256(6):1821-1841, 2009.

P. Cattiaux, A. Guillin, and L. Wu. A note on Talagrand’s transportation inequality and logarithmic
Sobolev inequality. Probab. Theory Related Fields, 148(1-2):285-304, 2010.

P. Cattiaux, A. Guillin, and L. Wu. Some remarks on weighted logarithmic Sobolev inequalities. Indiana
Univ. Math. J., 60(6):1885-1904, 2011.

M. Emery and J. E. Yukich. A simple proof of the logarithmic Sobolev inequality on the circle. In
Séminaire de Probabilités, XXI, volume 1247 of Lecture Notes in Math., pages 173-175. Springer, Berlin,
1987.

N. Huet. Isoperimetry for spherically symmetric log-concave probability measures. Rev. Mat. Iberoamer-
icana, 27(1):93-122, 2011.

M. Ledoux. Spectral gap, logarithmic Sobolev constant, and geometric bounds. In Surveys in differential
geometry., volume IX, pages 219-240. Int. Press, Somerville MA, 2004.



RADIAL INEQUALITIES. 23

[24] M. Ledoux. From concentration to isoperimetry: semigroup proofs. In Concentration, functional inequal-
ities and isoperimetry, volume 545 of Contemp. Math., pages 155-166. Amer. Math. Soc., Providence,
RI, 2011.

[25] Y. T. Lee and S. S. Vempala. Stochastic localization + Stieltjes barrier = tight bound for Log-Sobolev.
Available on Math. ArXiv. 1712.01791 [math.PR], 2017.

[26] E. Milman. On the role of convexity in functional and isoperimetric inequalities. Proc. Lond. Math. Soc.
(3), 99(1):32-66, 2009.

[27] E. Milman. On the role of convexity in isoperimetry, spectral-gap and concentration. Invent. math.,
177:1-43, 2009.

[28] M. Rockner and F. Y. Wang. Weak Poincaré inequalities and LL2-convergence rates of Markov semigroups.
J. Funct. Anal., 185(2):564-603, 2001.

[29] F. Y. Wang. Functional inequalities, Markov processes and Spectral theory. Science Press, Beijing, 2005.

[30] F. Y. Wang. From super Poincaré to weighted log-Sobolev and entropy cost inequalities. J. Math. Pures
Appl., 90:270-285, 2008.

[31] P. A. Zitt. Super Poincaré inequalities, Orlicz norms and essential spectrum. Potential Anal., 35(1):51-66,
2011.

Patrick CATTIAUX, INSTITUT DE MATHEMATIQUES DE TOULOUSE. CNRS UMR 5219., UNIVERSITE
PAUL SABATIER,, 118 ROUTE DE NARBONNE, F-31062 TOULOUSE CEDEX 09.

E-mail address: cattiaux@math.univ-toulouse.fr

Arnaud GUILLIN, LABORATOIRE DE MATHEMATIQUES BLAISE PAscaL, CNRS UMR 6620, UNIVERSITE
CLERMONT-AUVERGNE, AVENUE DES LANDAIS, F-63177 AUBIERE.

E-mail address: arnaud.guillin@uca.fr

Liming WU, LABORATOIRE DE MATHEMATIQUES BLAISE PASCcAL, CNRS UMR 6620, UNIVERSITE CLERMONT-
AUVERGNE, AVENUE DES LANDAIS, F-63177 AUBIERE.

E-mail address: 1iming.wuQuca.fr



