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CONVEX FLOATING BODIES AS APPROXIMATIONS
OF BERGMAN SUBLEVEL SETS ON TUBE DOMAINS

PURVI GUPTA

(Communicated by Franc Forstneric)

ABSTRACT. For a pseudoconvex tube domain, we prove estimates that relate
the sublevel sets of its diagonal Bergman kernel to the floating bodies of its
convex base. This allows us to associate a new affine invariant to any convex
body.

1. INTRODUCTION

The main objective of this paper is to establish a quantitative relationship be-
tween two collections of geometric objects associated with a given convex body in
R™. One, its set of convex floating bodies — an equiaffine-invariant construction
studied by convex geometers, and the other, the collection of sublevel sets traced
by the Bergman kernel of a tube domain over the given body. The latter is a natu-
ral object in complex analysis. Although, the bridge between convex and complex
analysis on such domains has been exploited succesfully before — Nazarov’s paper
[8] is a noteworthy example — the role of floating bodies in this interplay is yet
to be explored. Before we state our main result, we describe the central objects of
this paper in some detail.

Let D C R™ be a bounded convex domain. For § > 0, its convex floating body
Dy is the intersection of all the half-spaces whose defining hyperplanes cut off a set
of volume § from D. Specifically, if A denotes the set of all (v,t) € R™ x R such
that vol{z € D:x-v >t} = ¢, then

(1.1) Ds = ﬂ {zr eR":z-v <t}
(v,t)eA

These are strictly convex and exhaust D as ¢ approaches zero. Inspired by a con-
struction due to Dupin, these were first introduced by Schiitt and Werner (in [12])
as a tool for extending the notion of Blaschke’s surface area measure to nonsmooth
convex boundaries. Since its introduction, the floating body has made appearances
in the context of polyhedral approximations (see [I1]), the homethety conjecture
(see [14] and [15]) and, more recently, the hyperplane conjecture (in [3]).

Now, let Q := {x 4+ iy € C" : y € D}. Then, Q is a pseudoconvex tube domain
in C". The Bergman kernel of 2, Kq : Q2 x Q0 — C, is the reproducing kernel of the
Bergman space A(Q2) — i.e., the space of Lebesgue square-integrable holomorpic
functions on €2, with the L?2-norm. It is known that A(Q) is nonempty, consists of
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Fourier-Laplace transforms of certain functions on R", and
1 ei(z—ﬁ)i
@ Jen Ty e 2 du(a)
where 1 denotes the Lebesgue measure on R™ (see [10], and the references therein).

Estimates for the Bergman kernel and associated quantities are of great interest to
complex analysts and are the subject of many works. We will focus on the sets

(1.3) DM .= {z € D: Kp(z) := Kq(iz,ix) < M}.

(1.2) Ko(z,w) = dp(t),

These are strongly convex (this follows from the strict plurisubharmonicity of
log Kq(z, 7)) and exhaust D as M — oo (as discussed in Section B2]). Although
(T2 gives a formula for Kp(z), it can be hard to compute, even for some very
simple examples (such as planar triangles). On the other hand, the convex floating
bodies are simpler to construct and visualize. This is part of our motivation for
establishing the following relation:

Theorem 1.1. Let D C R™ be a bounded convex domain. Let Ds and DM be the
d-convex floating body and the Bergman M -sublevel set of D, respectively (see (L))
and (L3))). Then, there exist dimensional constants €, > 0 and u, > 0 such that

DZW,572 g D(S g D’u.,,,572
for small enough §.

Another reason to compare these two collections is their suitability for the fol-
lowing scheme. Suppose G is a group of volume-preserving transformations that
acts on R™ (or C"), and D C R™ (or C") is a bounded domain. If {D(e)}c~0 is a
G-invariant collection of exhausting subsets of D, and

vol(D \ D(¢g)) ~ f(e) as e — 0,

for some continuous f with f(0) = 0, then the weak- limit (if it exists) of f(g)~*
times the Lebesgue measure on D \ D(e) yields a G-invariant measure on 9D.
If D is strongly convex and D(e) is chosen as the convex floating body D, then
this measure is the normalized affine surface area measure on 0D (this is implicit in
Schiitt and Werner’s paper [12]). For other convex domains, the floating bodies can
lead to ‘lower-dimensional” affine measures (for instance, this measure is supported
on the vertices in the case of polygons — see [I1]). If the above scheme is carried
out for a strongly pseudoconvex domain 2 € C”, using the Bergman sublevel
sets, then one obtains the normalized Fefferman hypersurface measure on 92 (see
[Bl, Prop. 1.5]). If D is strongly convex, the tube domain Q := R™ 4 iD is strongly
pseudoconvex, and the Fefferman measure on 02 reduces to the affine measure
along 0D. It follows that if D(e) is set as the Bergman sublevel set D/, then,
again we obtain the normalized affine surface area measure on dD. Theorem [I.1]
implies that, analogous to strongly convex domains, the two competing classes
{D.} and {D'/¢} will yield comparable equiaffine-invariant measures on 9D for a
general convex domain D C R™. This is surprising since in the absence of strong
convexity, we do not have any Schiitt-Werner or Hormander-type estimates relating
these sets to the curvature of 9D (the estimates referred to are used in the proof
of Proposition B2).

The rest of the article is organized as follows. We provide a proof of Theorem [
in the next section. The constants ¢,, and w,, are computed therein. In Section[3] we
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set up a new affine-invariant constant associated to a convex body, and compute
it for some examples. At the end, we indicate some possible avenues of future
exploration.

2. PROOF oF THEOREM [[L1]

Notation. We first clarify some notation that will appear throughout the rest of
this article. We use B” and w,, to denote the unit Euclidean ball and its volume,
respectively, in R™. The unit disc in C is written as ID. The space of holomorphic
maps from D; to Dy is denoted by O(Dy; Ds). For complex-valued n-tuples a =
(a1,...,apn) and b= (b1,...,b,), a-b=a1by + - -+ anby,.

We now briefly argue the fact that the Bergman sublevel sets { D} 170 exhaust
D. Although, this is not necessary for our main proof, it is an essential feature of
the comparison we are making between {D.}.~o and {D™} 0.

Lemma 2.1. Let D C R™ be a bounded convex domain. Then, for any xo € 05,
Kp(x) = 00 as z — xg.

Proof. Let R := {(z1,...,2n) : (loglz|,...,log|z,]) € D}. As D is a bounded
convex domain, R is a bounded pseudoconvex Reinhardt domain in C™ that satisfies
the Fu condition — i.e., it does not intersect any complex hyperplane of the form
{(z1,...,20) € C" : z;; = 0}. Thus, R is hyperconvex, and Kgr(z,z) — oo as
z + zp, for any zg € OR (these are results from [I6] and [9], respectively). Now, by
Theorem 2 and estimate (7) in Fu’s paper [4],

Kr((e™,...,e™),(e™,...,e")) = e 2@t tan) Z Kgnyip(iz, iz + 2km)
kezn

. 1
< CKgnyip(iz,ix) Z W,

kez™,
k#£(0,,0)
for x = (z1,...,2,) € D, and some constant C' independent of x. Thus, Kp(z) >
C’KR((eIl, co ety (et e“’")), where C is independent of x. Combining this
with the hyperconvexity of R, we get the desired result. (Il

We now proceed to the proof of our main theorem. We rely on Nazarov’s ap-
proach from [§], the main source of challenge being the lack of any symmetry
assumptions on D.

Proof of Theorem [Tl Let D be a bounded convex domain in R™. We first es-
tablish the existence of w,. For this, we repeat an estimate due to Nazarov (see
[8l Section 3]). Let E C R™ be an origin-symmetric convex body. One uses formula

(T2 to write

21) Ke(®) = oy [ Jogyn®)

where

Tu(t) = /E =20 ().
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Fix ay € E. Then, EY := %(y + E) C E. So, we obtain
JE(t) > / e_Qx'td/J,(fL') _ 2—n/ e_Q(v;ry)-td'u(,U)
Ev E

— 2—ne—y~t/ e—v'tdu(v)
E
(2.2) > 27"e ¥vol(E),

vt

where we use the convexity of v — e™¥" on F for every ¢, and the observation that

any convex function f on E satisfies

| f@uta) = £0) vol()
by the symmetry of E. Next, recall that the polar body of E is given by E° = {y €
R":z-y<1forall x € E}, and
llz]|lge = min{a>0:2¢€ aE°}
= max{z-y:y € E}.
So, maximizing (Z2]) over all y € E, we obtain that
Je(t) > 27 el tee yol(B) = 27melltlee vol(E),
for all ¢ € R™. Substituting this back in (2I]), we see that

K5 (0) ﬁ [ e g
- 7r”v01 / />|t|Eo ¢ "ds du(t)
N 7T"VOI(E)/O ¢ /{teRn:tEogs} dpt) ds
) [ e

Now, we return to D. Fix a positive § < vol(D). For each v € S"~ 1, let r,
denote the unique real number such that

vol{z € D:z-v>r,})=0.

Set H, = {r e R": x-v=r,}and D|, :={xz € D:z-v >r,}. D], isa
continuous family of convex domains in D, each of volume §. We let F,, denote the
circumscribed Lowner-John ellipsoid of D|, — i.e., the unique ellipsoid of minimal
volume that contains D|, (see [I, Lecture 3], for more on Lowner-John ellipsoids).
Then, due to a result by F. John ([7]), if

E,=cy,+ Av(Bn)u
for some A, € GL(n;R), then on shrinking,

1
E} :=c, + EAU(IBH) C DJ,.
In particular, for every v € S™1,

(2.4) vol(Ey) = —vol(Ey) > —vol(D],) = —
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We now estimate the Bergman kernel of D at each ¢,. We first observe that
since the Bergman kernel is invariant under translations, K1 4 gn)(0) = Kgy(cy)

for each v € S"~!. But, since 1A, (B") is an origin-symmetric convex domain in
R™, we get by (23] that

nlvol (((24,(B")")

(2.5) Kpp(cy) = K1 4,60(0) <
' " vol (%AU (]B”))

This can be combined with the Blaschke-Santalé inequality for origin-symmetric
convex bodies:

vol(D®) vol(D) < (wy,)?,
and (24), to obtain that

KES’ (CU) < n!(wn)Q _ n!(wn)Q n!n2n(wn)2

7 vol (L4, (IBS”))2 mvol(Ey)? — wné?
Since ¢, € E" C D|, C D, by the monotonicity of the Bergman kernel,
(2.6) Kp(cy) < Kpgn(ey) < upd™?, for every v € S"1,

nn?(w,)?
7T7l

Now, we claim that the image of the map v : S"~! — D\ Ds given by v — ¢,
‘surrounds’ Ds — i.e., Dy is contained in an open set U such that OU C ~(S™1).
Our argument is as follows. Let b, denote the barycenter of H, N D. Then, by
Lemma 2 in [14], every x € dD; coincides with a b, for some v € S"~1. Thus, the
image of the map 3 : S~ !+ D\ Ds given by v + b, surrounds Ds (in the sense
described above — in fact, U = Djs in this case). Now, T': S"~! x [0,1] = D\ Ds
given by (v,t) = (1—1)b, +tc, is a homotopy between 8(S™ 1) and v(S™~!) whose
image is entirely contained in the complement of Ds. Thus, v(.S"~!) must surround
Ds as well, and there is an open set U C D, such that U O Dy and oU C 7(5"‘1).
Thus, by the maximum principle (z — log Kp(z) is strongly convex on D),

where u,, :=

U
sup Kp(a) < sup Kp(y) < sup Kp(y) < swp Kp(e,) < o
z€Ds yelU yeou veSn—1

This shows that Ds € D=0 "

We now turn to the existence of £,. Once again, we fix § so small that Dy
is nonempty, and H, is as before. It suffices to show that for any x € H, N D,
Kp(z) > £,672 for some ¢, > 0 independent of v, § and D. This is because for
any = € 0Dy, there is a supporting hyperplane of Ds that cuts off a set of volume
§ from D — i.e., there is a v € S"~! such that z € H, N D (see Lemma 2 in [14]).
The required estimate will be obtained from the following lower bound for convex
domains due to Blocki in [2]:

1

VOI(CH (IQ (w)) ’

where Ig(w) C C" is the Kobayashi indicatrix of Q given by
Io(w) = {¢'(0) : ¢ € O(D; ), $(0) = w}.

For us, 2 :=R" +¢D, and w = ix for some z € H, N D. We are seeking an upper
bound on volgn (Ig(w)).

(2.7) Ko(w,w) > w € Q,
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Without loss of generality, we assume that z is the origin in R® and v =
(0,...,0,1). In particular, H, is the hyperplane {(z1,...,2,) € R" : z,, = 0}
and D N {x, > 0} = D|,. We will follow Nazarov’s technique from [8] (as used by
Blocki in [2]). We recall that D° = {u € R® : y-u < 1 for all y € D}, which is
the same as {u € R" : y-u < 1 for all y € D} since D is open. Now, consider the
half-plane S := {z € C : Imz < 1}, and let ® : S — D denote the conformal map
z — —iz/(z — 2i). Then, ®(0) = 0 and ®'(0) = 1/2. For a fixed v € D° and any
¢ € O(D;N) such that ¢(0) = w, the map F : z — D(¢(z) - u) is a holomorphic
self-map of D that fixes the origin (since we are assuming that w is the origin in
C™). Thus, by the Schwarz lemma, |F’(0)] < 1, or |¢/(0)-u| < 2. So, 3Io(w) C D,
where

c'z{ze(C":\z-u| <1 for all uw € D°}.

Note that D¢ C ( ) + z(D U(— D)), where

={(z1,...,2n) €ER" |z -u| <1 for all u € D°, z,, > 0}.

But,

DcDn{zeR":x, >0} C D,
and vol(D|,) = 4. Thus, recalling (Z71),

1 —2n -2
K =K > > (2 20
D(x) Q(’(U,U)) - VOl([jn (IQ(U))) = ( ) ( )
_ 1
Therefore, Ds D D9 2, where £, := FEESE This completes the proof of Theorem
imi! O

3. A NEW AFFINE INVARIANT AND SOME EXAMPLES

It is unlikely that the values of ¢,, and wu,, computed above are optimal. For one,
John’s theorem on Lowner-John ellipsoids can be replaced by results that utilize
other centrally-symmetric bodies, perhaps yielding better bounds. However, we
believe optimal bounds can be obtained if we restrict ourselves to certain classes of
convex bodies. Before we support this claim with some computations, we associate
a new quantity fp to a convex body.

Definition. Suppose D C R™ is a convex body. Let

{p := liminf <sup{€ >0: DY C Dé});
6—0
up = hmsup(1nf{u>0 Ds C c pu/* })
6—0
Y4
0p = D
Up

We establish some properties of 0p.

Proposition 3.1. For a conver body D C R",

ﬂ.n
1) — "~
(1) nln2n4n+1(w, )2

(2) Op is affine invariant, i.c., O0p = 0(py for any affine map A on R™.

<0p <1
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Proof. (1) The upper bound on 8p follows from the fact that £p < up, by definition.
The lower bound is a consequence of Theorem [[.I] where we have essentially shown
that £p > 1/4"" and up < nIn?"(w,)?/=".

(2) The affine invariance of p follows from that of /p and up, which, in turn, is
a consequence of the transformation properties of Ds and DM under affine maps.
More concretely, if A : R™ — R™ is an affine map and H is a hyperplane that cuts
off a set of volume 0 from D, then the hyperplane A(H) cuts off a set of volume
| det(A)|6 from A(D). Therefore,

(31) A(D(;) = A(D)|det AlS» for all 6 > 0.

Now, let  := R™ + ¢D and Ac¢ be the map z — Az. Then, A¢c : C* — C"
is a biholomorphic map with Jacc Ac = det A, where Jacc denotes the complex
Jacobian. We use the well-known fact that the Bergman kernel of ) satisfies

K. (0)(Ac(z), Ac(2))] JacC(A(c)|2 = Kq(z,2), for all z € Q.

Hence,

(3.2) A(DM) = A(D)M/1det AP,

Combining (B.1]) and (3.2]), we see that if D'/% C Ds C D¥/%° then A(D)*/ (I det Al9)*
C Diget ajs Du/(1det A]6)* Hence, the affine invariance of /p, up and 0p. O

We now compute some examples to indicate the extent to which 6p distinguishes
convex domains.

Proposition 3.2. If D is strongly convex — i.e., the second fundamental form on
9D 1is positive definite everywhere on 0D — then, p = 1.

Proof. We begin with some notation (see Figure [ll). For « € 9D, let N(x) be the
unique outer unit normal to 0D at z, and H(z) = {y € R" : y-N(z) = -N(x)}. For
0 >0, let A(x,0) denote the width of the slice of volume 6 cut off by a hyperplane
H(x,0) perpendicular to N(z) — i.e.,
vo{y e D:y-N(z)>z-N(z)— Az,0)} =46
and
H(z,0) = {yeR":y-N(z)=z N(z)— A(z,d)}
= H(z) — A(z,6)N(x).
Let % denote the barycenter of H(x,d) N D.

FIGURE 1
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Now — as 0p is affine invariant — for a fixed ¢y € 9D, we can choose affine
co-ordinates, so that z is the origin, the outer unit normal N(z() = (0,...,0,—1)
and H(zo,0) = {(«/,y) : y = A(x0,0)}, where 2’ = (x1,...,2,-1). There is a
neighborhood Uy of xq such that Uy N D = {y > ¢(z')}, where ¢ : R"~! - R is a
convex function of the form

¢(r) = a(zi+---+22_;) +ho.t.,
for some « > 0. Thus, each H(xg,d) N D satisfies the equation
A(zo,0) = a(zi +---+22_,) +h.o.t.

in the hyperplane y = A(xg,0). So, we may estimate the barycenter of H(xq,d)ND
as

25 = (o(\/A(x0,9)),...,0(/A(xo,8)), Azo, 5)) as 0 — 0.
Thus, minimizing dist(a:g, z) over all z € 0L2, we obtain that
A
lim M
6—0 dist(x§, 0D)
Moreover, using Dupin indicatrices (see [12, Lemma 10]), it is known that

. Amg, )" 1 [n+1 2
(34) }ER) 52 - on+1 W1 Ii(l‘o),

(3.3) =1.

where k is the Gaussian curvature function of dD. Lastly, since Q is strongly
convex, 2 = R™ 4 ¢D is strongly pseudoconvex. Thus, by Hérmander’s estimate
(in [6]), we have that

|
. . il _nl
(3.5) a;—»lwl?elBD dist(x,0D)" " Kp(z) = —(471_)”&(%).
Since, lims_,0 23 = 70, we can combine ([3.3)), (3.4) and (3.5 to obtain that
127t 01\
lim 02K p(2d) = 2o (¥l —. g
Yim 0K (o) = oo (o i

Hence, (x,0) — 02K p(z)) extends to a (uniformly) continuous function on 9D x
[S,O]. So, given € > 0, there is a §. > 0 such that for ¢ < J.,
Ay — € ap + €
5 62
According to Lemma 2 in [14], each y € 9D; is the barycenter ° of some H(x,§)N
D. Therefore, for § < d,

D(an—a)672 C Ds C D(an—ﬁ-a)é*z.

< Kp(2%) < , for all z € OD.

Thus,
_ liminfs_osup{¢>0: D% C Ds} _a,—¢
P limsup, o inf{u > 0: Dy C D“/°} = a, +¢
Since € > 0 is arbitrary, and p < 1, our claim follows. |

We contrast the above example with the next one, where the Gaussian curvature
of the boundary vanishes on a large part of it.

Proposition 3.3. Let D @ R? be a triangle or a parallelogram. Then, Op = 4/72.
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Proof. As all planar triangles and parallelograms are affine images of the triangle
T ={(z,y) € R?: 2 >0,y >0,z +y < 1} and the square S := (0,1) x (0,1),
respectively, it suffices to show that ¢g = {7, ug = ur and 05 = 4/7%. We take
this approach as it is hard to directly compute 6.

We start with a description of the floating body of S. For small enough § > 0,
the boundary of Sy is a piecewise smooth curve, each smooth piece of which is a
part of a hyperbola (see Figure[2). Specifically,

Ss = {(z,y) € R? : min (a:y, (1—2)y,z(1—y),(1—=z)(1— y)) > 5/2}.

FIGURE 2. A convex floating body for S.

Due to the eight-fold symmetry of S, we will focus on the one-eighth part of the
boundary given by Cs := 9Ss N {(z,y) : 0 <y < x < 1/2} (thickened in Figure [)).
For § <« 1/2, Cs can be parametrized as

b e(t) = (1,2 \ﬁ<t<l
a=A\by ) ==y

To estimate Kg on Cs, we observe that
CscTcScT (see Figure [3)),

where T is the image of T under the map (z,y) — (2, 2y).

This is a free offprint provided to the author by the publisher. Copyright restrictions may apply.
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FIGURE 3

The descriptions of the floating bodies of T" and T are also needed:

Ts = {(x,y)6R2:min(:ry,(l—x—y)y,(l—x—y)x) >6/2};
Ts = {(x,y)€R2:min(xy,(2—x—y)y,(Q—x—y)x) >5/2}.
These explicit descriptions allow us to conclude that, for § << 1/2,
(3.6) Cs CTs_o52 and Cy5 C 5%5 cT \ T5+252.

Now fix an arbitrary € > 0. Then, for small enough ¢,
(1) (1 —¢)d <§—26% and § + 26% < (1 +¢€)d; and
(2) Ty C TO+eurd™® ang T-)ré™> C Ty
The latter follows from the definitions of {p and up, and the fact that {7 = {7
due to affine invariance (established in the proof of Proposition B)). We combine
@3), (1), the monotonicity of Ty and Ty, and (2) to conclude that:

Cs C Ts_25> CT(1-¢)5 C T(+e)ur(1-e)~2572

and
Cs C T\ Typas2 C T\ Taers € T\ T-o)r(ite) 72072,
Thus, for all ¢ € Cs,

(1+&)up (1—¢)lr
K — K= —
7r(c) < (1= and 7(c) > (172202
So, by the monotonocity of the Bergman kernel,
(1—e)lr (14 ¢e)ur

(e < Kz(c) < Ks(c) < Kr(c) < —e20e

As € > 0 was arbitrarily chosen, and the estimates on Cj transfer to 0Ss due to
symimetry,
S o G5 qurd

Thus, ug < ur, €g > £r and, consequently, fg > 6. An analogous computation
can be executed after switching the roles of S and T to obtain that 87 > g, thus
yielding the desired equality. It now suffices to compute fg.
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We use (L2) to compute the Bergman kernel of R? +iS at any point (z,y) € S:
2
Ks((z,y)) = = esc®(mz) esc?(my).

16
Once again, we can exploit the symmetry of S to obtain that

7252 ) 1
(s = lim inf Kg(c)é? = lim inf esc?(mt) esc? <—> = —;
d—0ceCs 5—0 te] /5/271/2] 2t 47
252 5} 1
us := lim sup Kg(c)0® = lim  sup T csc?(mt) esc? (W—> =—.
=0 ceCy 6—0 te[\/W_Q,l/Q] 16 2t 16
Therefore, 07 = s = 4/72. O

We strongly suspect that p = 1 completely characterizes strongly convex bod-
ies, and that Proposition[3.3] can be extended to all planar convex polygons. In fact,
we believe that, for n = 2, these represent the two extremes of the range of values
for Op (this would improve the first part of Proposition Bl). Furthermore, it is
likely that using the almost polygonal bodies constructed in [13] one can construct
planar convex bodies with any prescribed value of p in the interval (4/7%,1).

ACKNOWLEDGMENT

The author would like to thank David Barrett who encouraged her to explore

this problem in the context of tube domains, and supported this work with lots of
feedback.

REFERENCES

[1] Keith Ball, An elementary introduction to modern convex geometry, Flavors of geometry,
Math. Sci. Res. Inst. Publ., vol. 31, Cambridge Univ. Press, Cambridge, 1997, pp. 1-58, DOI
10.2977 /prims/1195164788. MR1491097

[2] Zbigniew Blocki, A lower bound for the Bergman kernel and the Bourgain-Milman inequality,
Geometric aspects of functional analysis, Lecture Notes in Math., vol. 2116, Springer, Cham,
2014, pp. 53-63, DOI 10.1007/978-3-319-09477-9 4. MR3364678

[3] Daniel Fresen, The floating body and the hyperplane conjecture, Arch. Math. (Basel) 98
(2012), no. 4, 389-397, DOI 10.1007/s00013-012-0365-3. MR2914355

[4] Siqgi Fu, Transformation formulas for the Bergman kernels and projections of Reinhardt do-
mains, Proc. Amer. Math. Soc. 129 (2001), no. 6, 1769-1773 (electronic), DOI 10.1090/S0002-
9939-00-05804-4. MR1814109

[5] Purvi Gupta, Lower-dimensional Fefferman measures via the Bergman kernel, Analysis and
geometry in several complex variables, Contemp. Math., vol. 681, Amer. Math. Soc., Provi-
dence, RI, 2017, pp. 137-151. MR3603887

[6] Lars Hormander, L? estimates and existence theorems for the O operator, Acta Math. 113
(1965), 89-152. MR0179443

[7] Fritz John, Extremum problems with inequalities as subsidiary conditions, Studies and Essays
Presented to R. Courant on his 60th Birthday, January 8, 1948, Interscience Publishers, Inc.,
New York, N. Y., 1948, pp. 187-204. MR0030135

[8] Fedor Nazarov, The Hormander proof of the Bourgain-Milman theorem, Geometric aspects
of functional analysis, Lecture Notes in Math., vol. 2050, Springer, Heidelberg, 2012, pp. 335—
343, DOI 10.1007/978-3-642-29849-320. MR2985302

[9] Takeo Ohsawa, Boundary behavior of the Bergman kernel function on pseudoconver do-
mains, Publ. Res. Inst. Math. Sci. 20 (1984), no. 5, 897-902, DOI 10.2977/prims/1195180870.
MR764336

[10] Saburou Saitoh, Fourier-Laplace transforms and the Bergman spaces, Proc. Amer. Math.
Soc. 102 (1988), no. 4, 985-992, DOI 10.2307/2047346. MR934879

This is a free offprint provided to the author by the publisher. Copyright restrictions may apply.


http://www.ams.org/mathscinet-getitem?mr=1491097
http://www.ams.org/mathscinet-getitem?mr=3364678
http://www.ams.org/mathscinet-getitem?mr=2914355
http://www.ams.org/mathscinet-getitem?mr=1814109
http://www.ams.org/mathscinet-getitem?mr=3603887
http://www.ams.org/mathscinet-getitem?mr=0179443
http://www.ams.org/mathscinet-getitem?mr=0030135
http://www.ams.org/mathscinet-getitem?mr=2985302
http://www.ams.org/mathscinet-getitem?mr=764336
http://www.ams.org/mathscinet-getitem?mr=934879

4396 PURVI GUPTA

[11] Carsten Schiitt, The convez floating body and polyhedral approzimation, Israel J. Math. 73
(1991), no. 1, 65—77, DOI 10.1007/BF02773425. MR1119928

[12] Carsten Schiitt and Elisabeth Werner, The convez floating body, Math. Scand. 66 (1990),
no. 2, 275-290, DOI 10.7146 /math.scand.a-12311. MR1075144

[13] Carsten Schiitt and Elisabeth Werner, The convez floating body of almost polygonal bodies,
Geom. Dedicata 44 (1992), no. 2, 169-188, DOI 10.1007/BF00182948. MR 1187640

[14] Carsten Schiitt and Elisabeth Werner, Homothetic floating bodies, Geom. Dedicata 49 (1994),
no. 3, 335-348, DOI 10.1007/BF01264033. MR1270561

[15] A. Stancu, The floating body problem, Bull. London Math. Soc. 38 (2006), no. 5, 839-846,
DOI 10.1112/S0024609306018728. MR 2268369

[16] Wlodzimierz Zwonek, Completeness, Reinhardt domains and the method of complex geodesics
in the theory of invariant functions, Dissertationes Math. (Rozprawy Mat.) 388 (2000), 103,
DOI 10.4064/dm388-0-1. MR1785672

DEPARTMENT OF MATHEMATICS, UNIVERSITY OF WESTERN ONTARIO, LONDON, ONTARIO,

CANADA NGA 5B7
E-mail address: pgupta4b5@uwo.ca

This is a free offprint provided to the author by the publisher. Copyright restrictions may apply.


http://www.ams.org/mathscinet-getitem?mr=1119928
http://www.ams.org/mathscinet-getitem?mr=1075144
http://www.ams.org/mathscinet-getitem?mr=1187640
http://www.ams.org/mathscinet-getitem?mr=1270561
http://www.ams.org/mathscinet-getitem?mr=2268369
http://www.ams.org/mathscinet-getitem?mr=1785672

	1. Introduction
	2. Proof of Theorem 1.1
	3. A new affine invariant and some examples
	Acknowledgment
	References

