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Abstract
In this paper we provide a comparison result between the solutions to the torsion problem for
the Hermite operator with Robin boundary conditions and the one of a suitable symmetrized
problem.
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1 Introduction

Let €2 be a smooth and possibly unbounded domain of R” and let v be the unit outer normal
to d€2. In this paper we consider the following torsion problem for the Hermite operator
with Robin boundary conditions

—div (¢ (x)Vu) = ¢(x) in 2,

d (1.1)
—u—i-ﬁu =0 on 92,
dv
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where B is a positive parameter and ¢ (x) denotes the density of the normalized Gaussian

measure in R”, that is
) = — ( '”2)
x) = —exp|—— ).
Q2m)2 2

The interest in the study of the Hermite operator relies on its applications in various fields.
Just to mention a few, it enters in the description of the harmonic oscillator in quantum
mechanics (see, e.g., [4] and the references therein). It attracts attention from probabilists
too. Indeed, as well known, the Hermite operator is the generator of the Ornstein-Uhlenbeck
semigroup (see, e.g., [3] and the references therein).

As we will recall in the next section, suitable weighted embedding trace theorems hold
true if € is sufficiently smooth. Therefore, classical arguments ensure that problem (1.1)
has a unique positive solution u. Furthermore, u is a minimizer of the following functional

. /|Vw|2¢(x)dx+[3/ w2 (x)p(x) dH" !
= inf §2 942 . (12

Tp(Q)  weH (Q.e)\0} / )2
d
( Qw(x)qﬁ(x) x

where H'(SQ2, ¢) is the weighted Sobolev space naturally associated to problem (1.1) (see
Section 2 for the definitions and properties). Note that, as a straightforward computation
shows, it holds that

Tp(2) = llulL1(@,¢) = /Q |u(x)¢(x) dx.

The aim of this paper, is to prove an isoperimetric inequality for 7, (£2) by means of the
so-called Gaussian symmetrization. This will be achieved by comparing the solution to
problem (1.1) with that to the following one

—div (¢p(x)Vv) = $(x) in Q"

P (1.3)
—U—f—Bv =0 on 8(2#,
av

where Q" := {(x1, x2, -+, x,) € R" : x; > A} and A is such that

Qs :=f9¢<x>dx=|sz#|¢=h(x),

with
1‘2

1 +00
h(}) = «/TTT/,\ exp <—5> dt. (1.4)

Our main result is the following

Theorem 1.1 Let Q € G, see Definition 2.1, Let u and v be the solutions to problems (1.1)
and (1.3), respectively. Then the following comparison result holds

lullLr@,g) = 10l 1 gt 4 (1.5)
In other words, among all sufficiently smooth sets of R", having prescribed Gaussian

measure, the half-spaces maximize T4 (€2). Note that inequality (1.5) provides a sharp and
explicit estimate for [[u]l 1 4), since it is elementary to derive the exact form of v

X1 r2 +00 [2
v(x) = v(x)) = C(A, PB) +/ exp (3) / exp (—E> dt dr, (1.6)
A r
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1 kZ +o0 t2
CcC(n,B) = B exp <7> /x exp <_E> dt.

Now let us briefly describe how our result is inserted in the literature. In [1] and [6] the
authors investigate the analogous issue for the classical Laplace operator. In particular,
in [6], the authors obtain an isoperimetric inequality for the Robin torsional rigidity in a
wider context, by studying a family of Faber-Krahn inequalities. They prove that the Robin
Laplace torsional rigidity is maximum on balls among all bounded and Lipschitz domains,
once the Lebesgue measure is fixed. Their proof, unlike the one used for the Dirichlet
boundary conditions, does not make use of any symmetrization techniques, rather, it is based
on reflection arguments. Recently, in [1], see also [2], the authors obtain the same isoperi-
metric inequality via a “Talenti type comparison result”. Note that the result contained in
[1] are quite surprising. Indeed, as well known, the Talenti’s technique is designed for prob-
lems whose solution has level sets that do not touch the boundary of the domain where
the problem is posed. A phenomenon that tipically occurs when Robin boundary condi-
tions are imposed. In this paper, because of the structure of the differential operator we are
considering, in place of the more common Schwarz symmetrization, we use the Gauss sym-
metrization. A procedure that transforms a positive function into a new one having as super
level sets half-spaces whose Gauss measure is the same as the original function.

The structure of the paper is the following. In Section 2 we fix some notation and we
recall some results that we will use in the paper. The third Section contains the proof of our
main result.

where

2 Notation and Preliminaries
Let A be any Lebesgue measurable set of R”. The Gaussian perimeter of A is

d(x)dH"" ifdAis (n — 1) — rectifiable
Py(A) = { 794

+00 otherwise,

where dH"~! denotes the (n — 1)—dimensional Hausdorff measure in R”.
While the Gaussian measure of A is given by

1Ay = /Ad)(x)dx € [0,1]. @2.1)

The celebrated Gaussian isoperimetric inequality (see [5, 11] and [10]) states that among
all Lebesgue measurable sets in R”, with prescribed Gaussian measure, the half-spaces
minimize the Gaussian perimeter. Furthermore the isoperimetric set is unique, clearly, up to
a rotation with respect to the origin (see [7] and [8]).
The isoperimetric function in the Gauss space, I (s), is
(h='(s))? )

2.2)

1
I:se[O,l]—>—exp< >

Nezd

where h~1 is the inverse function of &, defined in (1.4). Note, indeed, that the Gaussian
perimeter of any half-space of Gaussian measure s is equal to I(s). The isoperimetric
property of the half-spaces can finally be stated as follows.
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Theorem 2.1 If Q2 C R" is any Lebesgue measurable set it holds that

Py(Q) = Py(2) = 1(1Ql,)

where equality holds, if and only if, 2 is equivalent to an half-space.

Let 2 C R” be an open connected set. We will denote by L2(S2, ¢) the set of all real
measurable functions defined in Q2 such that

lul}2 .4 = /Q 12 ()¢ (x)dx < +00.
For our future purposes we need also to introduce the following weighted Sobolev space
H(Q,¢) = {u e Wh(Q) : (u, IVul) € L2(Q, ¢) x LA, ¢)},
endowed with the norm

||14||1-11(Q,¢) = ||u||L2(Qy¢) + ||VM||L2(Q,¢)~

In the sequel of the paper, we need to introduce the following family of sets.

Definition 2.1 A Lipschitz domain © of R” is in G if |Q]g € (0, 1) and the following
conditions are fulfilled:

(i) HYSK, ¢) is compactly embedded in L2($2, ¢).
(i)  The trace operator T

T:ueH'(Q ¢) > ulyg € L*(0Q. ¢).

is well defined;
(ili) The trace operator defined in the previous point is compact from H'!($2, ¢) onto
L*(3Q, ¢).

In (ii) and (iii) the functional space L%, ¢) is endowed with the norm
2 2 -1
||u||L2(BQ,¢) = /(;Qu (-x)¢(x)d7-[n .

We stress that G is non empty (see for instance Remark 2.1 in [9]).
Finally, we recall the following version of Gronwall’s Lemma.

Lemma 2.1 Let £(t) be a continuously differentiable function satisfying, for some constant
C > 0 the following differential inequality

&' (1) <E(1)+C forallt > 19 > 0.

Then
§(r) = T%—('f()l)—i‘f‘c —C forallt > 1. (2.3)
0
£(1) < S(Toii-i-c forall T > 7. (2.4)
0
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3 Proof of the Main Result
In this section, u and v will denote the solutions to problems (1.1) and (1.3), respectively.
In order to prove our isoperimetric inequality for Tjs(£2), we need the following auxiliary

result which may have independent interest.

Lemma 3.1 The following inequalities hold true

0<umy < vn, 3.1
where
Uy = inf u, v, :=min v.
S i
Q
Proof In order to prove the first inequality in (3.1), we use u~ := max{0, —u} as test

function in (1.1), obtaining
—/ |Vu‘|2¢(x>dx—B/ @) (x)p(x) dH"™! =/ u” () (x)dx.
Q oQ Q

Hence u™ =0 a.e.in Q.
Concerning the second inequality in (3.1), we observe that the function v(x) = v(x1)

defined in (1.6) is increasing. Therefore it achieves its minimum v, on 39" Let u be the
solution to the problem (1.1), then

vm Po(Q) = [100 v(0) ) dH"™ = — [ o0 B (x) d M
= = § Jor div (9 (0)Va) dx = 121y = §I2y (3.2)
= [ u() $WAH ™" > 1y Py(R) = up Py(2"),

where last inequality follows from the weighted isoperimetric inequality (2.1). The claim is
hence proven. O

In the sequel the following notation will be in force.
For ¢ > 0 we denote by

U ={x €Q: ux)>t}, UM =dU,NQ, dUS = U, N,

and by
p() = Uil and Py(t) = Py(Uy). (3.3)
Analogously if ¢+ > 0 we denote by
Vi={xeQ:vlx)>t}, o) =|Vilp and Py(t) = Py(Vy). (3.4)

Remark 3.1 An immediate consequence of Proposition 3.1 is the following inequality

) <o) =8 V1 € [0, vnl. (3.5
In order to prove our main results we need some further lemmata.

Lemma 3.2 Fora.e.t > 0 it holds

1 2 1
~— exp <— (h‘l(u(t))) ) < u(r) ((—//(t)) + = ) d?—l”‘1> , (3.6)

2 B Joyer u(x)
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while

Lo (= (! 2\ _ PR B A TC) R
- exp( (n (w(r)))>—go(t> (( AORE Yt ) (3.7

where h is defined in (1.4).

Proof Sard’s Lemma ensures that U, is a regular level set, for almost every ¢+ > 0. Then it

holds
2 2 1 2
R0 = (fyu 0 dH) =(fau,<¢§:‘>> (#00) )de*)
v
< (fau, o d’H”“) (Jouy @0 |2 a1r=1) = w0 ( Sy, 22 dH”“)
v v

— o) -1 $(x) -1
- M(t) </‘3U’un ? dHn + /‘BU,E‘” T2 T dHn

1

du
av

Ju
av

du

v

_ / 1 ¢(x) n—1
= u(r) ((_H )+ B fBUf” m
(3.8)
The Gaussian isoperimetric inequality (2.1) gives
1 2
Pi() = S—exp (— (h*1 (M(t))) ) : (3.9)

where £ is defined in (1.4). Inequalities (3.9) and (3.8) finally imply

1 2 |
2w r <_ (h i) ) = n® <(—ﬂ/(t)) + ()

2r B Jouer u(x)

dH“) , (3.10)

which is inequality (3.6). Clearly, repeating the same arguments for the function v, we get
equality (3.7) in place of inequality (3.10). O

The following result allows to handle the right hand side in (3.10).

Lemma 3.3 Let vy, be the minimum of v. For almost every t > vy, it holds

! dx) 12
dH d —_—, 3.11
/ t(/auf“ u(x) ) = op 4D
and
' @ (x) ,1,1> 12
dH dt = ——. 3.12
/0 t(fav,masz# v(x) ! 2B G2

Proof Fubini’s Theorem yields

u(x) 00
[ o ([ ar)awt = [ ¢<x></ #xw}dz) daH!
20 o u(x) FIe) o u(x)

(] S
ad

et u(x)

(3.13)
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where x stands for the characteristic function. Since u is the solution to problem (1.1) it
holds

u(x)
/ b (x) (/ tdt) dH = %/ S u(x) dH"™" =
90 0o ux) 1o} (3.14)

1 du o1 _ 1Sy

Observing that

/Tt / ¢(X) dr}_ln—] dt < /OOZ / ¢(X) dHl‘l—l dt,
0 gugext u(x) 0 guert u(x)

from (3.3) and (3.14) we get (3.11). On the other hand, by repeating the same arguments,
we get (3.12). Note that, for all T > v, the following equality holds true

K @ (x) n,l) /°° (/ @ (x) n,1> [2]
an") dr = P amw ") ar= =2,
/0 t(/z;vtmasz# v(x) ! 0 ! av,naqt v(x) ! 2B

since dV; N Q" = ¢ for any T > vy,. O

Now we can prove our main result.

Proof of Theorem 1.1 We first observe that the function

exp (— (h~! (s))2)

F(s) = 7

(3.15)

is strictly decreasing Vs € (0, 1), where # is the function defined in (1.4). More precisely
we are going to show that
F'(s) <0 Vse(0,1). (3.16)

A straightforward computation gives

_ 2
Fl(s) = 2 <_ ) ) TS [_Zh_l@] exp (‘ (h“<s>)2>

53 52 K (h=1(s))

_ _2eXP (— (h31(s))2> N 1 , B (s) ) exp <_ <h71(s))2)

52 ﬁexp (_w
exp (— (h~'(s) 2 —1/y)\2
= _S% ( (S ) ) — N2mh ™ (s)exp <—(h 2(8)) )

Therefore F’(s) < 0 if and only if

—1 2
%exp (—(hz(s))> —V2rh~l(s) >0, Vse (1)

Setting 1 := h~!(s), the last inequality is equivalent to the following one

t2 +o0 O.2
W(t) :=exp (_E>_I/ exp (—7> do >0, VteR.
t

Clearly it holds that
W(t) >0 Vte(—o0,0].
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On the other hand

, B +o00 02
Ui(t) = — exp -5 do <0 VteR.
t

Hence we get the claim (3.16) if we show that
IETOO V() =0.
This is easily verified since on one hand
. 5
SR exP (‘5) =0
on the other L’Hopital’s rule ensures that
+00 2 2
lim t/ exp (—0—> do = lim ———==0.
t—>+o00 J, 2 t—4o00 exp (%)

In order to prove (1.5), we first multiply each side of inequality (3.6) by
t u(t) exp ((h’l (u(t)))z) obtaining

1 2 -1 2 ’
St = @) exp ((h7 )" ) /@) +

2
+lt(p,(t))2exp<(h_l(u(t)))2>/ O =1 3.7
B 9

ge 1(x)

We then integrate between 0 and t such inequality, obtaining, VT > v,,,
1 ! ! 2 —1 2 /
5o [ trdr= [ rgo e ((nw@)) ) —u 0)di+
0 0

Jﬁl/ r(u(z))zexp((h*l(u(t)))z)/ PO 1n=1ar.3.18)
BJo augst u(x)

Note that inequality (3.16) ensures that the function

szexp ((h_l(s)>2) = %,

is strictly increasing in (0, 1). Therefore inequality (3.18) together with Lemma 3.3, implies

1 ! ! 2 —1 2 /
3 f tu(t)de < f t ()% exp (h )" ) (@) dr +
T Jo 0

exp (' (1219))° ) 123

+ ZBZ ki

T > Uy (3.19)

Let us define the following function
! 2
H() = / s%exp ((h—‘ ®)) ) ds.
0
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Integrating by parts both sides in inequality (3.19), we get

r/ ?dHrH(u(r)) dt </ /M(r)drdt-l-/rH(M(f))dt"”
o 0

exp (' (121))°) 192
22 ’

+ VT > vy. (3.20)

Lemma 2.1, ensures that, VT > v,, it holds

exp ((h=(1219)°) 1213
/“(’)dz+H(u<r))dz<lf /“(’)drdz+ H (u(0)) di + ( zﬁzd))) oL
0 0

(3.21)

Repeating the same procedure for the solution to the problem (1.3), we obtain the following
equality

exp ((h1(21)°) 128
/ Mdr+H(<p(r)) dt = i/ / Mdrdt+ H((p(t)) dt + (( ¢ ) ) ¢
0

2 22
(3.22)
Taking into account of (3.5), we can rewrite (3.22) as follows
_ 2
a0 dt+ H d | lo H(Q o ((h 1(|Q|¢)) ) |Q|?¢ 3.23
— dat = . .
/0 0 i+ H (90 8 4 (1) + o (3.23)
Then we can compare (3.20) and (3.21) obtaining
/ ? dt + H (u(r)) < f (p( ) dt+ H (p(7)) , VT > v, (3.24)
0 0
Passing to the limit as T — +o0 in (3.24) we get
+0o0 +00
[ uoars [ eman
0 0
i.e. the claim. O
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