
My research focuses on High-Dimensional Phenomena and Convexity — an exciting area at the crossroads
of Analysis, Probability, and Geometry, with deep connections to Theoretical Computer Science, Information
Theory, Statistics, Combinatorics, and beyond. The interplay of methods from these diverse areas has driven
remarkable progress in recent years and initiated a golden age.

Convexity, isoperimetry, local versions of functional inequalities, symmetry, and more

For me, convexity is the property naturally exhibited by a large class of objects. For instance, the celebrated
Brunn-Minkowski inequality states that the Lebesgue volume in a Euclidean space, denoted | · |, is log-concave
with respect to Minkowski addition of sets:

|λA+ (1− λ)B| ≥ |A|λ|B|1−λ. (1)

This is an indispensable tool in High-dimensional analysis, and more generally, many related convexity principles
allow for deeper understanding of various phenomena, such as concentration of measure and isoperimetry. A
convexity principle is a statement of the type “F(a) is concave”, where F is some functional and a is from
some linear space: for example, as per (1), F(K) = log |K| is concave on the space of Borel sets with respect
to Minkowski addition and scalar multiplication. Other relevant functionals are concave on certain subsets of
appropriate functional spaces. Under right circumstances, “F(a) is concave” is equivalent to each of the three
inequalities: for t ∈ [0, 1],

F((1− t)a+ tb) ≥ (1− t)F(a) + tF(b); (2)

d

dt
(F((1− t)a+ tb)− (1− t)F(a)− tF(b))t=0 ≥ 0; (3)

d2

dt2
F((1− t)a+ tb)t=0 ≤ 0. (4)

Each of the three “steps” in this ladder is connected to its own collection of methods of proof, interpretations
and applications, and together they comprise a rich theory. The inequalities (3) and (4) are called local versions
of (2). In 2023/2024, I designed and taught two semesters of topics courses at Georgia Tech which included
novel insights and connections between various convexity principles and isoperimetry, and recently I gave two
invited short lecture courses on the topic, and developed lecture notes.

A number of questions have arisen in recent years concerning the role of symmetry and convexity in the
isoperimetric-type inequalities, and the potential improvements of such inequalities under structural assump-
tions. Philosophical reason to expect isoperimetry to improve under symmetry assumptions is the fact that
spectral gap is bigger when restricting to even functions; think, for instance, how the Poincaré inequality on the
circle improves when one doesn’t need to deal with the first term in the Fourier series of the function. One of
the most famous questions in this spirit is the celebrated Log-Brunn-Minkowski conjecture of Böröczky, Lutwak,
Yang, Zhang [18]. Jointly with Colesanti and Marsiglietti [27], I initiated the study of this conjecture via its
local or infinitesimal version, which has subsequently become an active research direction in convexity, see e.g.
[77, 52, 48, 105, 24]. In [93], we showed that the Log-BM conjecture implies the Dimensional Brunn-Minkowski
conjecture of Gardner and Zvavitch [45], which states that an even log-concave measure is 1

n -concave with
respect to the Minkowski addition of symmetric convex sets. This was further extended in my work [52]. In
[70] we made significant progress towards the Dim-BM conjecture: we showed that for the standard Gaussian
measure γ on Rn, for any λ ∈ [0, 1] and any two convex sets K and L containing the origin,

γ(λK + (1− λ)L)
1
2n ≥ λγ(K)

1
2n + (1− λ)γ(L)

1
2n . (5)

Building up on this work, Eskenazis and Moschidis [36] showed the conjectured 1/n−concavity of the Gaussian
measure with respect to the addition of convex sets under the stronger assumption of origin-symmetry, which
was extended by Cordero-Erausquin and Rotem [33] to all rotation-invariant log-concave measures.

In [92] I was able to show an absolute bound for the Dim-BM conjecture [92], valid for all even log-concave
measures, which constitutes the first universal estimate of this kind: for each n ≥ 1, for any even log-concave
probability measure µ on Rn, for all symmetric convex sets K and L, and any λ ∈ [0, 1], one has

µ(λK + (1− λ)L)n
−4−o(1) ≥ λµ(K)n

−4−o(1)
+ (1− λ)µ(L)n

−4−o(1)
. (6)
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Here n−4−o(1) can be replaced with n−4(log n)−1, following Klartag’s progress on the KLS conjecture [64].

Non-round Blaschke-Santaló inequalities: a recent exploration

Another famous conjecture which is a consequence of the Log-BM conjecture (see [114, 115]) is the B-conjecture,
attributed to Banaszczyk and popularized by Latała. It states that for an even log-concave measure µ and a
symmetric convex set K, logµ(etK) is concave in t ∈ R. The B-conjecture was verified in the affirmative in the
case of the standard Gaussian measure γ in [30] (this result is referred to as the B-theorem), and applications
include [68], [14]. In a recent breakthrough work [33] the B-conjecture was proved for a large class of measures
including log-concave rotation-invariant. In [51] we characterized equality cases in the B-theorem, and applied
our results to establish uniqueness of a special position for convex bodies which was studied by Bobkov [14].

B-conjecture is linked to a conjectured strengthening of the Brascamp-Lieb inequality [23]. Motivated by the
B-conjecture, in recent works [26, 72] we initiated a study of a new interesting non-round generalization of the
Blaschke-Santaló inequality which implies a strengthening of the Brascamp-Lieb inequality for even functions.
A highlight of this new direction is the following result of ours: for any symmetric convex body K, and for p ≥ 2,

|K| ·

∫
Ko

(
n∏

i=1

|xi|

) 2−p
p−1

dx

p−1

≤ |Bn
p |p. (7)

I like this inequality, since it is unusual to come by an isoperimetric-type inequality with a non-round optimizer.
The inequality (7) has an equivalent functional counterpart, in the more general scenario, and that inequality is
what does the heavy-lifting when it comes to consequences: it implies a family of strengthened Brascamp-Lieb
inequalities for symmetric functions, which we hope to use to tackle the B-conjecture: for p ≥ q ≥ 2, and
V (x) = ∥x∥pq/p, letting µ be the probability measure with density Ce−V , we have, for even admissible functions
f : ∫

Rn

f2dµ−
(∫

Rn

fdµ

)2

≤ p− 1

p

∫
Rn

⟨(∇2V )−1∇f,∇f⟩dµ. (8)

In a sequel paper [72], we found a relation of this new avenue of research to the Log-BM conjecture, and managed
to verify the local form of the Log-BM conjecture for Bn

p with p ≥ 1, improving upon the past results [48, 77],
where only the case p ≥ 2 was known.

High-dimensional phenomena and Random Matrices

High-Dimensional Probability is one of the key players in Random matrix theory, and it is especially useful
in the Non-Asymptotic setting: we suppose that matrix dimensions are large but fixed, and study the precise
asymptotics of various relevant functionals, such as singular values, as these dimensions tend to infinity. Under
the strong assumption of i.i.d. mean-zero, variance-one sub-Gaussian entries, the following small ball behaviour
was obtained by Rudelson and Vershynin for the smallest singular value σn(A) of an n× n matrix in [111]:

P (σn(A) < ϵ) ≤ cϵ+ e−c1n. (9)

More generally, for N × n matrices under the same assumptions, they showed in [112]:

P
(
σn(A) < ϵ(

√
N + 1−

√
n)
)
≤ (cϵ)N−n+1 + e−Cn. (10)

Having a likely lower bound for the smallest singular value allows to infer that the matrix is likely to be invertible,
which is useful e.g. for various problems in Statistics and Theoretical Computer Science. An important theme is
understanding universality of the random matrix theoretic results: Suppose some explicit properties of a specific
well-behaved random matrix (say, with i.i.d. Gaussian entries) are well understood. To what extent can those
properties continue to hold for more general ensembles of random matrices, with minimal assumptions?

In this circle of problems, high dimension is usually a friend rather than an enemy. For instance, when the
large dimension corresponds to a large number of independent random variables, the underlying system behaves
in a predictable orderly fashion; examples of this phenomenon include the Law of Large Numbers and the
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Central Limit Theorem. Curiously, in many situations, convexity can replace independence in high-dimensional
phenomena. Klartag’s central limit theorem for convex sets [60, 61] is a classical example, and the recent
breakthrough solutions of the slicing problem [65, 12] and the thin shell conjecture [66] can be viewed in the
similar light.

Very recently, together with Fernandez and Mui we initiated the study of the ensemble of random matrices
whose entries are jointly log-concave and isotropic [38]. It appears that the assumption of convexity can replace
the assumption of independence also in this instance, although some exciting questions remain open. In [38] we
show the optimal bounds (9), (10) in the following cases:

• The distribution of A is log-concave, isotropic and unconditional, and N = n;
• N ≥ n and the columns of A are independent, isotropic and log-concave;
• N ≥ 2n and A is log-concave and isotropic.

Our work utilizes, among other things, the net construction based on the random rounding from my joint
paper with Klartag [67], and the recent breakthrough resolution of the slicing problem [65], [12].

Earlier, in [89, 94], with my co-authors I developed tools to work with the novel ensemble of inhomogeneous
random matrices whose entries could have “different sizes” – that is, different means and variances (although
we tend to assume that E∥A∥2HS ≤ Cn2.) Inhomogeneous random matrices have been studied very actively
lately, and some of these works build up on our ideas, see e.g. [116, 5]; see also an unrelated powerful approach
[8, 21, 22, 9, 10]. Some of our ideas influenced other works such as [54, 55, 56, 57] and my joint paper with
Litvak [84] about minimal dispersion.

In my work with Tikhomirov and Vershynin [94], which followed up my paper [89], the tight small ball
behavior (9) of the smallest singular value of inhomogeneous random matrices with heavy tails was deduced.
My student Manuel Fernandez obtained important follow up results in [37], and jointly with Max Dabagia
(another Georgia Tech student who attended my topics course, where a relevant research question was posed
as an optional homework) they improved upon and extended my estimate [89] for the smallest singular value of
rectangular random matrices.

One of the key new tools in this avenue of research is the novel net construction from my paper [89],
which utilizes something that I call regularized Hilbert-Schmidt norm, and uses the concept of random rounding,
previously investigated in the context of nets in the my joint work with Klartag [67]. Specifically, in [89], a
much more involved version of the following result was derived:

There exists a net N ⊂ 3
2B

n
2 \ 1

2B
n
2 of size #N ≤ 10n such that for any N × n random matrix A with

independent columns one has, with probability 1 − e−cn: for every x ∈ Sn−1 there exists a y ∈ N such that
|A(x− y)|2 ≤ cE∥A∥2HS

n .

Below I outline a sample subset of my current and future research directions and projects.

Future work: Generalized Log-Sobolev and Generalized Bobkov inequalities

The Prékopa–Leindler inequality [104, 82] is a functional extension of the Brunn–Minkowski inequality. As was
pointed at [31], it may be written as∫

e−(tf+(1−t)g)∗ ≥
(∫

e−f∗
)t(∫

e−g∗
)1−t

, (11)

where 0 < t < 1 and f∗(y) = supx∈Rn

(
⟨x, y⟩−f(x)

)
denotes the Legendre transform. In other words, log

∫
e−f∗

is a concave functional on a reasonable space of functions (for which the corresponding integrals exist).
Adopting (3) to this situation, we derive the following interesting result, which can be viewed as a functional

version of the Minkowski first inequality, and a generalization of the Log-Sobolev inequality: for any log-concave
function ϕ and convex function G with

∫
e−G = 1,∫

G∗
(
−∇ϕ

ϕ

)
ϕ ≥ n

∫
ϕ+ Ent(ϕ).

Similar advances were previously done by Bobkov and Ledoux [15] in a partial case.
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Inserting the celebrated Ehrhard inequality [34] into the same scheme in place of Prekopa-Leindler, we
obtain, for all convex G and for all functions h : Rn → [0, 1] (such that the integrals make sense)∫

G∗
(
− ∇h

I(h)

)
· I(h)dγ ≥ I

(∫
hdγ

)
· lim
λ→∞

Φ−1
(∫

Φ
(
−λG

(
x
λ

))
dγ
)

λ
. (12)

Here Φ is the Gaussian cdf and I is the Gaussian isoperimetric profile. Plugging in G(x) = −
√
1− |x|2 ·1∞Bn

2

we recover the celebrated Bobkov inequality [13]:
∫
Rn

√
I(h)2 + |∇h|2 ≥ I

(∫
Rn hdγ

)
, which is the functional

extension of the Gaussian isoperimetric inequality. With Barthe, Cordero-Erausquin, Ivanisvili, we are currently
working on understanding better the striking inequality (12), its implications, and notable partial cases, as well
as the “Brascamp-Lieb” version of Ehrhard’s inequality which stems from analyzing (4) in this context.

Future work: towards the B-conjecture via restricting our inequality

One may show that the B-conjecture for the measure µ with density Ce−V , where V = ∥x∥pq/p, would follow
from a restricted version of (8) on any symmetric convex body K. Therefore, a promising line of research is to
extend (8) to this restricted version. One possibility is to utilize the techniques from mass transport (see e.g.
Kolesnikov’s work [69]). Another possibility is to find the L2−proof of our results from [26], following the ideas
in [33], as well as the even-odd function decomposition from our work [26].

Future work: The L1-Mahler-type conjecture

The Blaschke-Santaló inequality has a famous counterpart: the celebrated Mahler Conjecture, which asks if
the cube (as well as the cross-polytope and an entire special family of polytopes called Hanner polytopes) are
the minimizers of the volume product |K| · |K◦|. Numerous works are dedicated to this famous problem, see
the survey [44]. Inspired by our work from [26], [72], it makes sense to consider an Lp−version of Mahler’s
conjecture. In the limit when p → 1, we get the following curious question: Which symmetric convex K
minimizes |K◦| · supx∈K

∏n
i=1 |xi|? We conjecture that the answer is K = Bn

1 . Jointly with Artstein-Avidan,
Mui, Sadovsky and Slomka we are able to prove it in several key partial cases. Beyond that, it is interesting to
understand supx∈K

∏n
i=1 |xi|, its properties, minimizing positions, and we hope to enrich the theory of convexity

with several novel insights.

Future work: Isotropic Log-concave and inhomogeneous random matrices

The next question on the road following our recent work [38] is: establish the lower bound for the smallest
singular value of square isotropic log-concave random matrices, without the assumption of unconditionality. In
our work [38], all the steps work without the assumption of unconditionality except bounding the distance from a
column of the matrix to the span of the remaining columns. In the unconditional case, this amounts to the small
ball estimate for an isotropic log-concave vector, which is valid thanks to the recent breakthrough resolution of
the slicing problem [65], however in general, conditioning a column on the realization of the remaining columns
loses isotropicity (but not log-concavity), and we are unable to apply slicing. We intend to work out a more
refined analysis in order to handle the general case, building up on the tools we developed.

In addition, many other questions are now tractable as well as of interest for this ensemble of isotropic
log-concave random matrices: find upper and lower bounds on all the intermediate singular values of ILC
random matrices, for all the aspect ratios; establish bounds on the invertibility of shifted ILC matrices; study the
phenomena of no-gaps delocalization of the null-vectors and singular vectors for ILC matrices.

Regarding the inhomogeneous random matrices, my student Achintya Polavarapu is working on the following
question, which in fact comprises many sub-questions: estimate from above and below the small ball probability
for intermediate singular values of an inhomogeneous random matrix. In the case of the i. i. d. sub-Gaussian
matrix, the relevant questions were studied in [103, 85, 118, 112]. The key ingredient in all these results is the
so-called “Distance theorem”. In the inhomogeneous setting, we obtained this in [94] in the partial case, and the
general highly useful result was obtained by my student Manuel Fernandez [37], thereby making many questions
in RMT related to inhomogeneous matrices tractable. In general, my long-term research goal is to further
develop (together with students, postdocs and collaborators) the theory of inhomogeneous random matrices.
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