
10th Annual Upstate Number Theory Conference:
Contributed Talks

October 23–24, 2021

Saturday AM program (11:20am–12:40pm)
Lippman 014

• 11:20–11:40 Christopher Keyes: On the proportion of everywhere locally soluble su-
perelliptic curves

• 11:50–12:10 Daniel Keliher: Rank Growth of Elliptic Curves in S4 Quartic Extensions

• 12:20–12:40 Manami Roy: Tamagawa numbers and torsion for rational elliptic curves

Lippman 016

• 11:20–11:40 Shashika Mestrige: `-adic properties of some partition functions

• 11:50–12:10 Mohsen Aliabadi: Applications of Kneser’s additive theorem in abelian
groups

• 12:20–12:40 Vefa Goksel: Misiurewicz polynomials and algebraic units

Lippman 017

• 11:20–11:40 Rylan Gajek-Leonard: Iwasawa Invariants of Modular Forms with ap = 0

• 11:50–12:10 Hanson Smith: Frobenius and the Monogeneity of Division Fields of
Abelian Varieties

• 12:20–12:40 Arvind Suresh: Realizing Galois representations in abelian varieties by
specialization

Saturday PM program (3:40pm-5:00pm)
Lippman 014

• 3:40–4:00 Pan Yan: L-function for Sp(4)×GL(2) via a non-unique model

• 4:10–4:30 John Cullinan: The probability of non-isomorphic group structures of isoge-
nous elliptic curves in finite field extensions

• 4:40–5:00 Alexander Carney: Torsion points in families and big adelic line bundles

Lippman 016

• 3:40–4:00 Robin Zhang: Modular Gelfand pairs and multiplicity-free triples

• 4:10–4:30 Edmund Karasiewicz: The twisted Satake transform and the Casselman-
Shalika formula
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• 4:40–5:00 Gene Kopp: Wannabe modularity, the Shintani-Faddeev cocycle, and Stark
units

Lippman 017

• 3:40–4:00 Eun Hye Lee: On a Certain Multiple Dirichlet Series Associated to Binary
Cubic Forms

• 4:10–4:30 Robert Hough: Subconvexity of Shintani’s zeta function

• 4:40–5:00 Huayang Chen: Expected value of the smallest denominator in a random
interval of fixed radius.

Sunday program (10:30am-11:30am)
Lippman 014

• 10:40–11:00 Chung-Hang Kwan: Moment formulae for automorphic L-functions of
higher-rank groups

• 11:10–11:30 Steven Jin: An Unconditional Explicit Bound on the Error Term in the
Sato-Tate Conjecture

Lippman 016

• 10:40–11:00 Stephen Willis: Extending Support in Calculating the 1-Level Density of
Low Lying Zeros of Families of L-functions

• 11:10–11:30 Evangelos Nastas: On Brjuno’s function golden optimization

Lippman 017

• 10:40–11:00 Pavel Čoupek: Ramification bounds for mod p étale cohomology via pris-
matic cohomology

• 11:10–11:30 Angus McAndrew: CM Motives in Positive Characteristic

Abstracts
Alexander Carney (University of Rochester)
Torsion points in families and big adelic line bundles
Given a family of abelian varieties A → T over a quasiprojective curve with a point P on
the generic fiber, I’ll show that the Néron-Tate height of Pt on each fiber At is a height on
T given by a metrized line bundle MP . I’ll then show that this makes a conjecture of Zhang
on specializations of small height equivalent to the bigness of MP .

Huayang Chen (University of Houston)
Expected value of the smallest denominator in a random interval of fixed radius
We compute the probability mass function of the random variable which returns the small-
est denominator of a reduced fraction in a randomly chosen real interval of radius δ. We
prove that the expected value of the smallest denominator is asymptotic, as δ → 0, to
(8
√

2/π2)δ−1/2.

Pavel Čoupek (Purdue University)
Ramification bounds for mod p étale cohomology via prismatic cohomology
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Given a smooth proper formal scheme X over OK where K is a p–adic field and p is
an odd prime, we describe an upper bound for ramification of the mod p representations
H i

ét(XK ,Z/pZ) in terms of p, i, and e, the absolute ramification index of K, without any
restriction on the size of i and e. In order to achieve this, a crucial input is the re-
cently developed prismatic cohomology in its Breuil-Kisin and Ainf-instances, H i

∆(X/S)
and H i

∆(XAinf
/Ainf), resp., and a series of conditions (Crs)s≥0 that control the Galois action

on the elements of the Breuil-Kisin cohomology groups inside the Ainf-ones.

John Cullinan (Bard College)
The probability of non-isomorphic group structures of isogenous elliptic curves in finite field
extensions
Let ` be a prime number and let E and E ′ be `-isogenous elliptic curves defined over a finite
field k of characteristic p distinct from `. Consider the following phenomenon: the groups
E(k) and E ′(k) are isomorphic, but the groups E(K) and E ′(K) are not, where K is a finite
extension of k.

In this talk we will show that, up to some mild rationality hypotheses, to understand this
phenomenon it suffices to restrict to the prime ` = 2 and take K to be the unique quadratic
extension of k. Our main goal is to study the likelihood of such an occurrence by fixing a
pair of 2-isogenous elliptic curves E,E ′ over Q and ask for what proportion of good primes p
are the groups E(Fp) and E ′(Fp) isomorphic, but E(Fp2) and E ′(Fp2) are not. This is work
in progress and we will give computational data to support a conjecture on the value of this
proportion.

Rylan Gajek-Leonard (University of Massachusetts Amherst)
Iwasawa Invariants of Modular Forms with ap = 0
Mazur-Tate elements provide a convenient method to study the analytic Iwasawa theory of p-
nonordinary modular forms, where the associated p-adic L-functions tend to have unbounded
coefficients. The Iwasawa invariants of Mazur-Tate elements are well-understood in the case
of weight 2 modular forms, where they can be related to the growth of p-Selmer groups and
decompositions of the p-adic L-function. At higher weights, less is known. By constructing
certain lifts to the full Iwasawa algebra, we compute the Iwasawa invariants of Mazur-Tate
elements for higher weight modular forms with ap = 0 in terms of the plus/minus invariants
of the p-adic L-function. Combined with results of Pollack-Weston, this forces a relation
between the plus/minus invariants at weights 2 and p+ 1.

Vefa Goksel (University of Massachusetts Amherst)
Misiurewicz polynomials and algebraic units
Consider the polynomial family fc(x) = x2 + c. The unique finite critical point of fc is
0, and the orbit of 0 under iteration by fc is the set {c, c2 + c, (c2 + c)2 + c, . . . }. The
algebraic integers c that make this orbit finite are called ”Misiurewicz parameters”. These
parameters are roots of famous Misiurewicz polynomials, which are defined analogously to
cyclotomic polynomials. In this talk, we will consider the following question, which is partly
motivated by some earlier work on the subject: Fix a Misiurewicz polynomial F and consider
an arbitrary Misiurewicz parameter c. In what cases is F (c) an algebraic unit in the ring of
integers of Q(c)? We provide a complete answer to this question in most cases, and it leads
to some interesting conjectures in other cases. This is a joint work with Rob Benedetto.
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Robert Hough (SUNY Stony Brook)
Subconvexity of Shintani’s zeta function
Shintani’s zeta function enumerates class numbers of binary cubic forms. It is a degree 4 zeta
function, which plays an important role in the proof of the Davenport-Heilbronn Theorem
counting cubic fields ordered by discriminant. We prove a subconvex estimate for the zeta
function, answering a question of Frank Thorne. Joint work with Eun Hye Lee.

Steven Jin (University of Maryland)
An Unconditional Explicit Bound on the Error Term in the Sato-Tate Conjecture
Using recent results on the automorphy of symmetric power L-functions, we analyze the
error term in the Sato-Tate conjecture for holomorphic cuspidal newforms of even integral
weight, trivial nebentypus, and no complex multiplication. In particular, we exhibit the
first completely explicit and unconditional effective bounds on this error when (i) the level
is squarefree, or (ii) the newform corresponds to an elliptic curve of arbitrary level. The
obstruction to such a bound for general level will also be discussed.

Edmund Karasiewicz (University of Utah)
The twisted Satake transform and the Casselman-Shalika formula
The Fourier coefficients of automorphic forms are important objects of study due to their
connection to L-functions. In the adelic framework, constructions of L-functions involving
Fourier coefficients (e.g. Langlands-Shahidi and Rankin-Selberg methods) naturally lead to
spherical Whittaker functions on p-adic groups. Thus we would like to understand these
spherical Whittaker functions to better understand L-functions. Casselman-Shalika deter-
mined a formula for the spherical Whittaker functions, and basic algebraic manipulations
reveal that their formula can be more succinctly expressed in terms of characters of the
Langlands dual group. We will describe a new proof of the Casselman-Shalika formula that
provides a conceptual explanation of the appearance of characters.

Daniel Keliher (Tufts University)
Rank Growth of Elliptic Curves in S4 Quartic Extensions
If E is an elliptic curve over a number field F , the Mordell-Weil Theorem says the group
of F -rational points of E is finitely generated and decomposes as E(F ) ' T ⊕ Zrk(E/F )

where rk(E/F ) is a non-negative integer called the rank of E over F . Much attention
has been given to the question of how rank changes in extensions K/F , where one studies
rk(E/K) − rk(E/F ) for fixed E and varying K. In this talk, we will study rank growth in
S4 quartic extensions of Q. When rk(E/Q) ≤ 1, with E subject to some other conditions,
we prove there are infinitely many S4 quartic extensions K/Q over which E does not gain
rank, i.e. such that rk(E/K)− rk(E/Q) = 0. To do so, we show how to control the 2-Selmer
rank of E in certain quadratic extensions, which in turn contributes to controlling the rank
in families of S4 quartic extensions of Q.

Christopher Keyes (Emory University)
On the proportion of everywhere locally soluble superelliptic curves
We investigate the proportion of superelliptic curves that have a p-adic point for every place
p of Q, showing that it is positive and given by a product of local densities. In the special
case of curves of the form y3 = f(x, z), where f(x, z) is a binary form of degree 6, we
give exact formulas for the local densities and compute the aforementioned proportion to
be approximately 94%. For more general superelliptic equations with a fixed odd prime
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exponent, we show that in the limit as the genus goes to infinity, the proportion is at least
83%. This work is joint with Lea Beneish.

Gene S. Kopp (Purdue University)
Wannabe modularity, the Shintani-Faddeev cocycle, and Stark units
We define wannabe modular forms, functions on the upper half-plane transforming under the
action of the modular group by a generalized factor of automorphy. We define a related notion
of wannabe Jacobi forms, and we show that the q-Pochhammer symbol is a meromorphic
wannabe Jacobi form. Its factor of automorphy is the Shintani-Faddeev cocycle, an SL2(Z)-
parametrized family of functions generalizing Shintani’s double sine function and Faddeev’s
noncompact quantum dilogarithm. We relate real multiplication values of the Shintani-
Faddeev cocycle to exponentials of certain derivative L-values, conjectured by Stark to be
algebraic units generating abelian extensions of real quadratic fields.

Chung-Hang Kwan (Columbia University)
Moment formulae for automorphic L-functions of higher-rank groups
The central values of L-functions are of great arithmetic interests. One of the ways to
access their statistics is via moment calculations and moment problems of L-functions have
been central to analytic number theory. There have been many spectacular advances and
applications in the past decades. In this talk, we will focus on the higher-rank situation,
discussing the techniques, hurdles, and some of my on-going work in this direction.

Eun Hye Lee (SUNY Stony Brook)
On a Certain Multiple Dirichlet Series Associated to Binary Cubic Forms
In this talk, I will be defining a multiple Dirichlet series associated to the space of binary
cubic forms and prove meromorphic continuation of it.

Angus McAndrew (Boston University)
CM Motives in Positive Characteristic
A theorem of Grothendieck tells us that an abelian variety with CM is, up to finite extension
of the base, isogenous to one defined over a finite extension of the prime field. In characteristic
0 one may extend the definition of CM to any motive by asking that the Mumford-Tate
group of the associated Hodge structure is abelian. It is known, due to Piatetskii-Shapiro
and Shafarevich, that the analogous theorem is true for K3 surfaces in this setting. That is, a
K3 surface over C admitting CM is defined over a number field. We formulate an analogous
notion of CM which can apply in any characteristic and prove an analogous theorem on K3
surfaces, under some hypotheses.

Shashika Petta Mestrige (Louisiana State University)
`-adic properties of some partition functions
`-adic module structures related to the partition function p(n) have been studied by Folsom-
Kent-Ono and Boylan-Webb in 2010. This work gives a conceptual explanation about why
Ramanujan congruences for p(n) exist only at primes 5, 7, and 11. Later, this work has been
extended to the k-colored partition function and Andrew’s spt-function by Belmont, Lee,
Musat, Trebet-Leder in 2016. In this presentation, I will talk about `-adic module structures
related to a two-parameter family of partition generating functions p[1c`d](n) which is defined
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by
∞∑
n=0

p[1c`d](n)qn :=
∞∏
n=1

1

(1− qn)c(1− q`n)d
.

This generalization allows us to study `-adic properties of a large class of partition functions
including `-regular partitions and `-core partitions.

Mohsen Aliabadi (Iowa State University)
Applications of Kneser’s additive theorem in abelian groups
In this talk, we discuss applications of Kneser’s additive theorem in classifying abelian groups
in terms of a combinatorial feature of certain subsets of groups called the matching prop-
erty. We also discuss the linear analogue and matroid analogue of Kneser’s theorem and
their consequences in characterizing field extensions in terms of a combinatorial feature of
subspaces of fields called the linear matching property.

Evangelos Nastas (SUNY Albany)
On Brjuno’s function golden optimization
The Gaussian transformation, α(x) = {1/x}, with {x} denoting the fractional part of the real
number x, is well-defined on the set X =]0, 1[∼ Q, and with values in X. Thus, its successive
terms could be considered, defined by the relations α0(x) = x and αk+1(x) = αkα(x) for

k > 0, and the products βk(x) =
∏k

j=0 αk(x)(k ∈ N, x ∈ X), with the additional convention

β−1(x) = 1. Since α is continuous over X, then αk and βk are continuous too. The Brjuno
function is then defined, for all x ∈ X, as the sum, possibly equal to +∞, of the series
with positive terms φ(x) =

∑
k>0 βk−1(x) ln (1/αk(x)). The points of convergence are called

Brjuno numbers, whose set is denote by B. The Brjuno function and numbers are found in
the theory of dynamical systems, such as in S. Marmi, 2001 et al. The set B has measure
1, and thus is dense in [0, 1]. This talk is devoted to exploring conjectures in relation to the
optimization of Diophantine series, with some close to Brjuno’s function.

Manami Roy (Fordham University)
Tamagawa numbers and torsion for rational elliptic curves
Suppose E is a rational elliptic curve with a non-trivial torsion point and c is the global
Tamagawa number of E. Lorenzini showed that the ratio c/|E(Q)tors|, which appears as a
factor in the leading term of the L-function of E/Q in the conjecture of Birch and Swinnerton-
Dyer, is an integer for elliptic curves with a torsion point of order N > 4 with finitely
many exceptions. Moreover, he showed that there are finitely many elliptic curves with a
torsion point of order at least 4 and global Tamagawa number 1. This talk will present a
classification of all the rational elliptic curves with a non-trivial torsion point and global
Tamagawa number equal to 1. Moreover, we will discuss some improvements in Lorenzini’s
results.

Hanson Smith (University of Connecticut)
Frobenius and the Monogeneity of Division Fields of Abelian Varieties
This talk will survey recent work on constructing a matrix that the describes the action of a
lift of the Frobenius on the torsion points of an abelian variety of dimension greater than one.
We will then demonstrate how this matrix is employed in an algorithm that detects when
a prime is an obstruction to the monogeneity of division fields of certain abelian varieties.
Our focus will be intuition and examples rather than theory and technicality.
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Arvind Suresh (University of Georgia)
Realizing Galois representations in abelian varieties by specialization
Let K be a number field, and let G denote its absolute Galois group. We outline a method
by which one may realize a given Galois module V (i.e. Q[G]-module) in the group J(K̄) of
points of an abelian variety J/K (we say “J realizes V ”). The method can be regarded as a
“twisted” version of the classical specialization method used by Neron, Mestre, Shioda, etc.
to construct Jacobians with large Mordell–Weil rank. As an application, we prove that any
Galois module V can be realized in infinitely many absolutely simple hyperelliptic Jacobians
(of some fixed dimension g). As a corollary, we show that if L/K is a finite extension and
R is a positive integer, then for any sufficiently large integer g (the implied lower bound
depending on [L : K] and R), one can find infinitely many absolutely simple g-dimensional
abelian varieties J/K such that rkJ(L)− rkJ(K) is at least R.

Stephen Willis (Williams College)
Extending Support in Calculating the 1-Level Density of Low Lying Zeros of Families of L-
functions
We study low-lying zeroes of L-functions and their n-level density, which relies on a smooth
test function φ whose Fourier transform has compact support. Assuming the Generalized
Riemann Hypothesis, we establish tools to compute the nth centered moments of the 1-level
density of low-lying zeroes of L-functions associated with weight k, prime level N cuspidal
newforms as N →∞, where φ̂ has support in

(
1

n−a ,
1

n−a

)
for n ≥ 2a.

The Katz-Sarnak Density conjecture claims that the n-level density of certain families
of L-functions is the same as the distribution of eigenvalues of corresponding families of
orthogonal random matrices. Our work helps establish new evidence for the Katz-Sarnak
Density conjecture in larger support and aids in bounding the order of vanishing of L-
functions at the central point.

Pan Yan (Ohio State University)
L-function for Sp(4)×GL(2) via a non-unique model
We prove a conjecture of Ginzburg and Soudry on an integral representation for the tensor
product partial L-function for Sp4×GL2, which is derived from the twisted doubling method
of Cai, Friedberg, Ginzburg, and Kaplan. We show that the integral unfolds to a non-unique
model and analyze it using the New Way method of Piatetski-Shapiro and Rallis.

Robin Zhang (Columbia University)
Modular Gelfand pairs and multiplicity-free triples
The classical theory of Gelfand pairs and its generalizations over the complex numbers has
many applications to number theory and automorphic forms, such as the uniqueness of
Whittaker models and the non-vanishing of the central value of a triple product L-function.
With an eye towards similar applications in the modular setting, this talk presents an exten-
sion of the classical theory to representations over algebraically closed fields with arbitrary
characteristic.
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