
ANALYSIS & NUMBER THEORY

Thursday Friday

09:00 Berge
10:00 Enstad
11:00 Zlotnikov

12:00 Registration Lunch

13:00 Heap Schwartz
14:00 Hagen Kouroupis

15:00 Coffee

15:30 Llinares
16:30 Instanes

18:00 Dinner

The lectures take place in Auditorium VB2 at the Blindern Campus
of UiO. The lunch will be served in Abels utsikt. The dinner is at
Smalhans restaurant.
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Mean values of the Hurwitz zeta function and its value
distribution for irrational parameters

Speaker. Winston Heap.

Abstract. I will briefly survey the value distribution theory for the
Riemann zeta function and other L-functions coming from arithmetic.
Here, highlights include asymptotics for the 2nd & 4th moments,
conjectures for higher moments and Selberg’s central limit theorem
which states that the distribution of the Riemann zeta function on
the critical line is log-normal. I will then discuss a forthcoming result
with Anurag Sahay where we show that the fourth moment of the
Hurwitz zeta function for irrational parameters is 2 times the second
moment squared, which is unlike the case of usual L-functions and
suggests an underlying Gaussian distribution.
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Conditional estimates for the logarithmic derivative of
Dirichlet L-functions

Speaker. Markus Val̊as Hagen (NTNU).

Abstract. Dirichlet L-functions L(s, χ) and the Riemann zeta func-
tion ζ(s), are essential tools in the study of prime numbers. Moreover,
the logarithmic derivative of these functions plays a pivotal role in
questions concerning distribution of the primes. It is known assuming
GRH, that for primitive characters χ modulo sufficiently large q,∣∣∣∣∣L′

L
(1, χ)

∣∣∣∣∣ ≤ 2 log log q + C + smaller error terms.

Earlier it was known that C = 2(1 − log 2) ≈ 0.6 is admissible. We
improve this to C = −0.4989. A similar result is established for
the Riemann zeta function on the line 1 + it. I will try to explain
the ideas behind the proof, which combines multiple techniques in
analytic number theory.

This is joint work with Andrés Chirre and Aleksander Simonič.
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Contractive inequalities between Dirichlet and Hardy
spaces

Speaker. Adrián Llinares (NTNU).

Abstract. We say that the inclusion between two Banach (or quasi
Banach) spaces of analytic functions is contractive if the norm of the
corresponding inclusion operator is less than or equal to 1. Although
these inclusions are interesting in themselves, they have also attracted
the attention of the experts because of their multiple applications.
In this talk, we will show some of these contractive inequalities and
discuss their most immediate consequences.
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An extremal problem for Hp

Speaker. Sarah May Instanes (NTNU).

Abstract. For 0 < p ≤ ∞, let Hp denote the classical Hardy space
of the unit disc. We consider the extremal problem of maximizing
the modulus of the kth Taylor coefficient of a function f ∈ Hp which
satisfies ∥f∥Hp ≤ 1 and f(0) = t for some 0 ≤ t ≤ 1. In particular, we
provide a complete solution to this problem for k = 1 and 0 < p < 1.

This is based on joint work with Ole Fredrik Brevig and Sigrid
Grepstad.
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Quantization on the affine group

Speaker. Stine Marie Berge (Leibniz University Hannover).

Abstract. In time-frequency analysis the time-frequency represen-
tation on the Heisenberg group gives rise to the short-time Fourier
transform (STFT). The Wigner distribution in quantum mechanics
can be written as the Fourier transform of the STFT. Using the
Wigner distribution we can define the Weyl quantization, giving us a
way to associate operators with functions. In much the same way, we
show that one can use the wavelet representation in wavelet analysis
to obtain an affine Wigner distribution and an affine quantization
scheme on the affine group. What we will see is that many of the prop-
erties present in time-frequency analysis have analogues in wavelet
theory, e.g. Moyal identities. However, due to the non-unimodularity
of the affine group, both the left and the right Haar measures have
an important role in the theory.



ANALYSIS & NUMBER THEORY 7

A dynamical approach to sampling and interpolation in
unimodular groups

Speaker. Ulrik Enstad (Stockholm University).

Abstract. In several branches of analysis, sampling refers to the
reconstruction of a suitable class of functions on a domain X from
their values on a discrete subset Λ, while interpolation refers to
interpolating a Λ-indexed sequence by a suitable function on X. In
many concrete settings sampling and interpolation are governed by
density theorems, which state that a set Λ allows for sampling (resp.
interpolation) only if its “density” is no smaller (resp. larger) than a
threshold often referred to as the critical density. The goal of this talk
is to introduce a general notion of density in unimodular groups which
agrees with the Beurling density in amenable groups (e.g. Rd), and
to show that density theorems for translation-invariant reproducing
kernel Hilbert spaces hold with respect to this density.

The talk is based on joint work with Sven Raum.
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On completeness and frame properties
of certain exponential families

Speaker. Ilya Zlotnikov (UiS).
Abstract. We study completeness and frame properties of the system
E(Λ, Γ) := {tke2πiλt : λ ∈ Λ, k ∈ Γ}, Γ ⊂ N0 = {0, 1, 2, . . . }, Λ ⊂ R.

Let X(I) be a space of functions supported on I, e.g. X = C(I) or
X = Lp(I), where I = [−σ, σ]. The radius of completeness of the family
E(Z, Γ) in the space X is denoted by

rX(E(Z, Γ)) = sup{a ≥ 0 : E(Z, Γ) is complete in X(−a, a)}.

It is well-known that
• rL2(E(Z, {0})) = rL2({e2πint}n∈Z) = rC({e2πint}n∈Z) = 1

2;
• if Γ = {0, 1, 2, . . . , N} then

rC(E(Z, Γ)) = rL2(E(Z, Γ)) = #Γ
2 = N + 1

2 .

One may ask the following

Question. Is it true that for any Γ ⊂ N0 we have
rC(E(Z, Γ)) = rL2(E(Z, Γ))?

It turns out that in general this is false. More precisely, if Γ has “gaps”
then the answer depends on #Γodd and #Γeven, where

Γodd = Γ ∩ (2Z + 1) and Γeven = Γ ∩ 2Z.

We proved the following

Theorem (A. Kulikov, A. Ulanovskii, I. Z., 2022). Given a finite set
Γ ⊂ N0 satisfying 0 ∈ Γ. Then

rL2(E(Z, Γ)) = #Γ
2 rC(E(Z, Γ)) =

{
#Γodd + 1

2 , if #Γodd < #Γeven,

#Γeven, if #Γodd ≥ #Γeven.

Our argument is based on a description of certain uniqueness sets for
lacunary polynomials.

The talk is based on joint work with A. Kulikov and A. Ulanovskii.
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Groupoid C∗-algebras and an application to semigroups

Speaker. Gaute Schwartz (UiO).

Abstract. We present the reduced C∗-algebra of a left-cancellative
semigroup, say S, and explain the difficulty in defining a universal
counterpart. One way of overcoming this is passing to groupoid
models, say G(S), of S. They have well-defined reduced and universal
C∗-algebras and when the reduced C∗-algebra of S is isomorphic
to the reduced C∗-algebra of G(S), a universal C∗-algebra of S can
sensibly be defined as the universal C∗-algebra of G(S). The question
of when the reduced algebras are isomorphic is a topological one and
we present a sufficient condition. To illustrate the results we focus on
a simple groupoid provided by the line with a double point.
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Composition operators and generalized primes

Speaker. Athanasios Kouroupis (NTNU).

Abstract. The Hardy space H2 of Dirichlet series with square sum-
mable coefficients, defined as

H2 =

f(s) =
∑
n≥1

an
ns

: ∥f∥2 =
∑
n≥1

|an|2 < ∞

 ,

was first systematically studied in an influential article of Hedenmalm,
Lindqvist, and Seip.

Gordon and Hedenmalm determined the class G of analytic function
ψ : C 1

2
→ C 1

2
that induce bounded composition operators Cψ(f) = f ◦

ψ on H2, where by Cθ we denote the half–plane {z : ℜz ≥ θ}, θ ∈ R.
O. F. Brevig and K.-M. Perfekt characterized compact composition

operators on H2, with Dirichlet series symbols. For the remaining class
of symbols F. Bayart gave a sufficient condition for the composition
operator Cψ to be compact. Our goal is to give a necessary condition
in terms of the counting function

Nψ(w) =
∑

s∈ψ−1({w})
ℜs>0

ℜs.

To do that we will add prime-like numbers (Beurling’s system) on
the structure of H2 and prove that this does not have an effect on
the behavior of such composition operators.

A Beurling’s system is a sequence of real numbers {qn}n≥1 satisfying
1 < q1 ≤ q2 ≤ · · · ≤ qn → ∞.

From these primes can be formed the sequence of Beurling’s integers;
that is, the numbers of the form

λ = qa1
1 · qa2

2 . . . qan
n , ai ∈ N ∪ {0}, n ∈ N.

The corresponding generalized Dirichlet series have the form

f(s) =
∑
n≥1

an
λsn
, s = σ + it.
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