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Conferencias plenarias / Plenary talks

Counting modular forms with a Galois representation mod p
and the Atkin-Lehner eigenvalue at p fixed simultaneously

Samuele Annil

The structure of the algebra of modular forms over finite fields has been widely studied,
in part for its applications in establishing congruences. In this talk, after recalling classical
geometric arguments of Ogg and Kenku, I will show how, for N prime with p, one can count
the number of classical modular forms of level Np and weight k& with both a residual Galois
representation and an Atkin-Lehner sign at fixed p, generalizing Martin’s recent results, and
dimension formulas given by Jochnowitz and by Bergdall-Pollack.

Most of these results can be stated as equivariant isomorphisms for the Hecke operators
between certain modules, thanks to a p-adic refinement of the Brauer-Nesbitt theorem. A
theoretical framework for proving such isomorphisms is given, using the Eichler-Selberg trace
formula. This method applies in the case where the level is divisible by the residual character-
istic, contrary to the pre-existing approaches.

This is work in progress with Alexandru Ghitza (University of Melbourne) and Anna Medve-
dovsky (Boston University)

L Aix-Marseille Université, F13288 Marseille cedex 9, France
samuele.anni@gmail.com

On Shimura curves of PEL-type
Pilar Bayer!

Shimura curves of PEL-type are a remarkable generalization of modular curves. We shall
consider those defined by means of non-split rational quaternion algebras and will give their
interpretation as coarse moduli spaces for fake elliptic curves. A convenient generalization of the
classical complex multiplication theory, led G. Shimura to his theory of the canonical models.
As in the modular case, fake elliptic curves with complex multiplication play a key role in the
theoretical construction of class fields by means of special values of arithmetic automorphic
functions.

In joint work with M. Alsina and J. Guardia, I shall present a method to obtain the equations
of the fake elliptic curves defined by special complex multiplication points in the canonical model.

Emeritus Professor of the Universitat de Barcelona
plrbayer@gmail.com



On a generalization of Fourier analysis
arising from number theory

Pablo Candela!

In analytic and combinatorial number theory, many applications of Fourier analysis rely on
the following idea: the averages of a function over certain linear patterns in an abelian group can
be usefully analyzed by approximating the function using its dominating Fourier components
(this is the case in particular in the circle method).

In the last two decades, this idea has been considerably extended by the progress of a the-
ory known as higher-order Fourier analysis. This theory grew out of seminal work of Gowers
concerning a central result in combinatorial number theory, namely Szemerédi’s theorem. The
theory has also powered celebrated results such as asymptotic estimates for counts of various
types of linear patterns in the primes, notably in work of Green and Tao. A key insight in
higher-order Fourier analysis is that for many types of linear configurations, while the approxi-
mations by dominating Fourier components may not be helpful, it is still possible to carry out
a very useful analysis by approximating the function by dominating components that are not
defined using the circle group anymore, but rather using certain inherently non-commutative
generalizations, such as nilmanifolds. Among the developments generated by this insight, there
is the study of fascinating structures called nilspaces. These structures constitute a common
generalization of abelian groups and nilmanifolds, and have yielded further progress in the the-
ory of higher-order Fourier analysis. I will provide an introduction to this theory and discuss
some recent results in this approach involving nilspaces.

The talk is based on joint work with Baldzs Szegedy.

I'Departamento de Mateméticas, Universidad Auténoma de Madrid, 28049 Madrid
pablo.candela@uam.es

Sobre el grupo de componentes del grupo de Sato-Tate

Victoria Cantoral-Farfan!

La famosa conjetura de Sato-Tate para curvas elipticas (sin multiplicaciéon compleja y defini-
das sobre un campo de nimeros) predice la equidistribucién de las trazas de los automorfismos
de Frobenius con respecto a la medida de Haar del correspondiente grupo de Sato-Tate. Esta
conjetura ya se ha generalizada para variedades abelianas de mayor dimension, superficies K3
y motivos puros de peso impar. Es natural estudiar con mas detalle el grupo Sato-Tate para
poder en un futuro abordar la conjetura generalizada de Sato-Tate.

Durante esta charla presentaremos esta conjetura y describiremos en detalle el grupo de
componentes del grupo Sato-Tate de una variedad abeliana de dimensién arbitraria, definida
sobre un campo de niimeros K.

Este es un trabajo conjunto con Grzegorz Banaszak.

'Mathematische Institute, Georg-August-Universitit Gottingen, 37073 Géttingen, Germany
victoria.cantoralfarfan@mathematik.uni-goettingen.de



Rigid meromorphic cocycles

Henri Darmon'

This talk will describe the objects in the title and explain their relevance to explicit class
field theory and to extending the theory of Borcherds’ singular theta lifts to orthogonal groups
of general real signature.

I'Department of Mathematics, McGill University, Montreal, Canada
henri.darmon@mcgill.ca

Computing plectic Stark-Heegner invariants

Marc Masdeu!

Let E/F be an elliptic curve defined over a number field F, and let K/F be a quadratic
extension. If the analytic rank of E(K) is one, one can often use Heegner points (or the more
general Star-Heegner points) to produce (at least conjecturally) a nontorsion generator of E(K).
If the analytic rank of F(K) is larger than one, the problem of constructing algebraic points is
still very open. In recent work, Michele Fornea and Lennart Gehrmann have introduced certain
p-adic quantities that may be conjecturally related to the existence of these points. In this talk
I will explain their construction, and illustrate with numerical experiments some support for
their conjecture.

This is joint work with Michele Fornea and Xevi Guitart.

1Departament de Matematiques, Universitat Autonoma de Barcelona, 08193 Bellaterra (Barcelona)
masdeu@mat.uab.cat

Sumar p(n): un algoritmo elemental mas rapido

Harald Andrés Helfgott!, Lola Thompson?

Presentamos un nuevo algoritmo elemental para calcular

M(z) =) p(n),

n<x

donde p(n) es la funcién de Mobius. Nuestro algoritmo toma tiempo O (m% (log x)%+£> y espa-

3 3
cio O(:cﬁ(log a:)%O), lo cual mejora los algoritmos combinatorios existentes. Si bien existe un

algoritmo analitico de Lagarias-Odlyzko con calculos basados en integrales de ((s) que solo toma
tiempo O(xl/ 2+€) nuestro algoritmo tiene la ventaja de ser més facil de implementar. El nuevo
enfoque equivale aproximadamente a analizar la diferencia entre un modelo que obtenemos a
través de la aproximacién diofantica y la realidad, y a mostrar que tiene una descripciéon simple
en términos de clases de congruencia y segmentos. Esta simple descripcién nos permite calcular
la diferencia rapidamente por medio de biisquedas en tablas.

'Mathematisches Institut, University of Gottingen, D-37073 Géttingen, Alemania
hhelfgoQuni-math.gwdg.de

2Mathematical Institute, Utrecht University, 3584 CD Utrecht, Paises Bajos
L.Thmpson@uu.nl



Comunicaciones cortas / Short talks

Sistemas de Euler anticiclotémicos y ciclos diagonales II

Raiil Alonso', Francesc Castella?, Oscar Rivero®

En la presentacién a cargo de Oscar Rivero (titulada «Sistemas de Euler anticiclotomicos y
ciclos diagonales I») se discutieron algunos avances recientes en la teorfa de sistemas de Euler,
asi como la motivacion detras de los trabajos [I] y [2].

En esta presentacion explicaremos con mas detalle cémo obtener un sistema de Euler para
la convolucion de dos formas modulares a partir de familias p-adicas de ciclos diagonales. Esta
construccién constituye una parte esencial del trabajo [I] y esperamos que algunos aspectos de
la misma se puedan extender a otras situaciones. Grosso modo, la idea consiste en especializar
la construccién de familias p-ddicas de ciclos diagonales llevada a cabo en los trabajos [3] y [4],
asociada al producto de tres familias de Hida, al caso en que una de estas familias de Hida es una
familia CM. De esta manera, esta familia de Hida se convierte en una variable anticiclotémica
que nos permite obtener la variacién deseada en la direccién p-ramificada. Variando la parte
del nivel coprima con p en la construccién y explotando la geometria de los ciclos junto con
resultados del trabajo [5], conseguimos obtener un conjunto de clases A-adicas que satisfacen las
relaciones de compatibilidad requeridas para constituir un sistema de Euler en este contexto.

Referencias

[1] R. ALonso, F. CasteLLA, O. RIvERO, The diagonal cycle Euler system for GLy x GLo, preprint,
2021.

[2] R. ALoNso, F. CASTELLA, O. RIVERO, An anticyclotomic Euler system for the symmetric square
of a modular form, preprint, 2022.

[3] M. BERTOLINI, M. A. SEVESO, R. VENERUCCI, Reciprocity laws for balanced diagonal classes,
Astérisque, to appear.

[4] H. DARMON, V. ROTGER, p-adic families of diagonal cycles, Astérisque, to appear.

[5] A. LEl, D. LOEFFLER, S. L. ZERBES, Euler systems for modular forms over imaginary quadratic
fields, Compos. Math. 151 (2015), no. 9, 1585-1625.

lDepartment of Mathematics, Princeton University, Fine Hall, Princeton, NJ 08544-1000, USA
raular@math.princeton.edu

2Department of Mathematics, University of California, Santa Barbara, CA 93106, USA
castella@ucsb.edu

3Mathematics Institute, Zeeman Building, University of Warwick, Coventry CV4 7AL, United Kingdom
Oscar.Rivero-Salgado@warwick.ac.uk



On infinity of cubic points over the rationals for quotient
modular curves

Francesc Bars', Tarun Dalal?

A non-singular smooth curve C over a number field K of genus g has always a finite set
of K-rational points C'(K) by a celebrated result of Faltings (here we fix once and for all K,
an algebraic closure of K). We consider the set of all points of degree at most d for C by
['4(C, K) = U1:k)<aC (L) and exact degree d by I'y(C, K) = U1.x)—qC(L), where L C K runs
over the finite extensions of K. A point P € C is said to be a point of degree d over K if
[K(P): K] =d.

The set I'¢(C, M) is infinite for a certain M /K finite extension if C' admits a degree at most
d map, all defined over M, to a projective line or an elliptic curve with positive M-rank. The
converse is true for d = 2 [4], d = 3 [1] and d = 4 under certain restrictions [I], 3].

For d = 3, Daeyeol Jeon introduced an arithmetic statement (i.e. fixing the field K in
I',(C, K)) and its proof in [5] following [I] and [3]. In particular if go > 3 and C has no degree
3 or 2 map to a projective line and no degree 2 map to an elliptic curve over K then the set
of exact cubic points of C' over K, I'4(C, K), is an infinite set if and only if C' admits a degree
three map to an elliptic curve over K with positive K-rank.

The aim of the talk is to introduce the above Jeon results and different techniques and ideas
that are used to determine when I';(X{ (N),Q) (and for different quotient modular curves but
not X(N)) is a finite or infinite set quoted in the preprint [2].

References

[1] D. ABRAMOVICH, J. HARRIS, Abelian varieties and curves in Wy(C), Compositio Math. 78 (1991),
no. 2, 227-238.

[2] F. Bars, T. DALAL, Infinitely many cubic points for X (N) over Q, preprint, March 2022, 12 pages.

[3] O. DEBARRE, R. FAHLAOUI, Abelian varieties in W] (C') and points of bounded degree on algebraic
curves, Compositio Math. 88 (1993), no. 3, 235-249.

[4] J. HARRIS, J. SILVERMAN, Bielliptic curves and symmetric products, Proc. Amer. Math. Soc. 112
(1991), 347-356.

[5] D. JEON, Modular curves with infinitely many cubic points, J. Number Theory 219 (2021), 344-355.

!Departament de Matematiques, Universitat Autdonoma de Barcelona, 08193 Bellaterra (Barcelona)
francesc@mat.uab.cat

2Depawtment of Mathematics, Indian Institute of Technology Hyderabad, Kandi, Sangareddy 502285,
India
mal7resch11005@iith.ac.in

La conjetura de Erdos-Straus

Manuel Bello-Herniandez', Manuel Benito?, Emilio Fernidndez!

En esta charla presentaremos el estado actual de la conjetura de Erdés-Straus. Paul Erdos y
Ernest Straus conjeturaron a finales de la década de 1940 que, dado un ndmero natural n > 2,
stempre existen numeros naturales x,y, z que cumplen

4 1 1 1

n o xr Yy =z



Estd conjetura combina las propiedades aditivas y multiplicativas de los niimeros naturales y
sigue abierta en la actualidad. Comentaremos ademas varias conjeturas relacionadas con ella.
Algunas de las referencias donde se puede encontrar informacién sobre este tema son [I], [2]

y [3].
Referencias

[1] M. BELLO HERNANDEZ, M. BENITO, E. FERNANDEZ, La conjetura de Erdds-Straus, Zubia 37-38
(2020-2021), 149-176, arXiv:1010.2035.

[2] C. ELsHOLTZ, T. TAO, Counting the number of solutions to the Erdés-Straus equation on unit
fractions, J. Aust. Math. Soc. 94 (2013), 50-105, arXiv:1107.1010.

[3] L. J. MORDELL, Diophantine Equations, Academic Press, London, 1969.

I'Departamento de Mateméticas y Computacién, Universidad de La Rioja, 26006 Logrono
mbello@unirioja.es, emilio.fernandez@unirioja.es

2Catedratico de Instituto jubilado, Logrofio
mbenit80@palmera.pntic.mec.es

The modular method and its limitations

Pedro-José Cazorla Garcial

After Andrew Wiles’s celebrated proof of Fermat’s Last Theorem [2], a new toolkit of tech-
niques was developed in order to completely solve certain Diophantine equations. These meth-
ods, based mainly on the Modularity Theorem proved by Wiles and on Ribet’s Level Lowering
Theorem [I], are now collectively known as the modular method.

In the last two decades, the modular method has been successfully applied to a plethora
of Diophantine equations. However, there are theoretical and computational limitations to the
method which were not apparent during the proof of Fermat’s last theorem.

In this talk, we will briefly explain how to use the modular method and present the difficulties
which may arise during its application. We will do this by showing examples which are not
solvable by using only the modular methodology.

References

[1] K. A. RiBET, On modular representations of Gal(Q/Q) arising from modular forms, Invent. Math.
100 (1990), 431-476.

[2] A. WILES, Modular elliptic curves and Fermat’s Last Theorem, Ann. of Math. (2) 141 (1995),
443-551.

1Dep::urtment of Mathematics, University of Manchester, M13 9PL Manchester, United Kingdom
pedro-jose.cazorlagarcia@manchester.ac.uk



On Drinfeld oldforms and newforms

Tarun Dalal’

The theory of oldforms and newforms is a well-understood area in the theory of classical
modular forms. Certain properties of modular forms heavily depend on whether they belong to
oldforms or newforms. For example, the space of newforms has a basis consisting of normalized
eigenforms for all the Hecke operators. In fact, the Fourier coefficients of these normalized
eigenforms generate a number field. However, the analogues theory of oldforms and newforms
is not known for Drinfeld modular forms.

Recently, in a series of articles, Bandini and Valentino defined the notion of p-oldforms and
p-newforms for Drinfeld modular forms. Moreover, they conjectured that the space of cusp for
level T' can be written as a direct sum decomposition of T-oldforms and T-newforms.

In this talk, we shall prove that, under certain assumptions, this conjecture is true. Moreover,
we shall state a variant of this conjecture for higher level and provide many examples where
this conjecture is true. However, for Drinfeld cusp forms of composite level, we shall prove that
this conjecture may fail by providing examples of such spaces. Finally, we define the notion of
oldforms and newforms for Drinfeld modular form of square free level. This is a joint work with
Narasimha Kumar.

1Depaurtlfnent of Mathematics, Indian Institute of Technology Hyderabad, Kandi, Sangareddy 502285,
India
mal7resch11005@iith.ac.in

Formalizing the ring of adeéles and some applications in Lean

Maria Inés de Frutos Fernéndez'

We will present a formalization of the ring of adeles and group of ideles of a global field in
Lean 3 [I]. Lean is an interactive theorem prover with an ever-growing mathematics library.
We will give a quick introduction to Lean and explain how these definitions were formalized,
with a focus on the kind of decisions one has to make during the formalization process.

As a prerequisite, we formalized adic valuations on Dedekind domains and their fields of
fractions. After discussing the formalization of the adéle ring, we will present some applications,
including the statement of the main theorem of global class field theory and a proof that the
ideal class group of a number field is isomorphic to an explicit quotient of its idele class group.

References

[1] M. I. DE FRUTOS-FERNANDEZ, Formalizing the Ring of Adeéles of a Global Field, Proccedings of
the 13th International Conference on Interactive Theorem Proving (ITP 2022), 18:1-18:18, Leibniz
International Proceedings in Informatics, Dagstuhl Publishing, 2022.

'Department of Mathematics, Imperial College London, SW7 2AZ London, United Kingdom
m.de-frutos-fernandez@imperial.ac.uk



Abelian varieties of GL, type
Enric Florit'

We say an abelian variety A is of GLyg-type if its endomorphism algebra contains a number
field of degree %dim A. Two kinds of GLy-type abelian varieties have been included in the
Paramodular Conjecture: abelian surfaces with trivial endomorphism ring and fourfolds with
QM defined over Q.

In this talk we present an initial study of these varieties. We define the concept of a GLy4-
type building block, and we classify their possible endomorphism algebras. Then we study the
f-adic and A-adic representations, and we relate them with inner twists whenever the Rosati
involution is of the first kind. Finally, we introduce families of Q-surfaces defined over certain
quadratic fields, building on previous work of Hasegawa and using Richelot correspondences.

This is joint work with Francesc Fité and Xevi Guitart.

I'Departament de Matematiques i Informatica, Universitat de Barcelona, 03007 Barcelona
enricflorit@ub.edu

Towards a refined class number formula for Drinfeld modules

Maria Inés de Frutos Fernindez', Daniel Macias Castillo?,
Daniel Martinez Marqués?

In 2012, Taelman proved an analogue of the Analytic Class Number Formula, for the Goss
L-functions that are associated to Drinfeld modules. He also explicitly stated that ‘it should be
possible to formulate and prove an equivariant version’ of this formula.

We report on the preliminary stages of work in progress, motivated by Taelman’s statement.
We formulate a precise equivariant, or ‘refined’, generalisation of Taelman’s formula, and we
provide very strong evidence to support it.

As a concrete consequence of our general approach, we also prove (unconditionally) a natural
non-abelian generalisation of a theorem of Anglés and Taelman.

I'Department of Mathematics, Imperial College London, SW7 2AZ London, United Kingdom
m.de-frutos-fernandez@imperial.ac.uk

2Depaurtaumento de Matematicas, Universidad Auténoma de Madrid, and Instituto de Ciencias Mateméti-
cas, 28049 Madrid
daniel .macias@uam.es, daniel.martinezm@uam.es

On Dunkl zeta functions and their properties

Alejandro Gil Asensi', Juan L. Varona!

Dunkl theory [3] involves some tools such as the Dunkl derivative

d — f(—
Not0) = L i) 2 LI =)
or the Dunkl exponential
z
Ea(z) = Za(2) + mfa+1(2),



where Z,(z) = 2°T(a + 1)‘](2‘2(;2) with J,(z) the Bessel function of order o > —1. Taking
a = —1/2 we get A_y)5 = d/dx and E_;/5(z) = e, hence, the Dunkl derivative and the
Dunkl exponential are generalizations of the classic derivative and exponential, respectively.
With this, in recent papers (see, for instance, [I] or [2]) there were generalized, in a Dunkl
sense, Number Theory ideas such as Appell sequences, called Appell-Dunkl sequences. Our
investigations leads to generalizations, also in a Dunkl sense, of Lerch zeta functions such as
C(s,x) =202 g1/(n+z)° or Ce(s,x) = > 02g(—1)"/(n+x)® and, in addition, we get properties
that relates those functions with Bernoulli and Euler polynomials (in this case, they are called
Bernoulli-Dunkl and Euler-Dunkl polynomials). One of the results we get for the “Dunkl zeta

function”; (,(s), is

G- =Teos (T X L0 Re9) > 1

n=1

(where s, := sy, o are the positive zeros of the Bessel function J,1(z)). Therefore, this equation
provides a generalization of the reflection formula of the Riemann zeta function, where the
function > o2, 1/s? is playing a similar role as Y o>, 1/n°.

References

[1] O. Ciaurrl, A. J. DURAN, M. PEREZ, J. L. VARONA, Bernoulli-Dunkl and Apostol-Euler-Dunkl
polynomials with applications to series involving zeros of Bessel functions, J. Approz. Theory 235
(2018), 20-45.

[2] O. C1aURRI, J. MINGUEZ CENICEROS, J. L. VARONA, Bernoulli-Dunkl and Euler-Dunkl polyno-
mials and their generalizations, Rev. R. Acad. Cienc. Exactas Fis. Nat. Ser. A Mat. RACSAM 113
(2019), 2853—-2876.

[3] C. F. DuNKL, Differential-difference operators associated to reflection groups, Trans. Amer. Math.
Soc. 311 (1989), 167-183.

1Depaurtaumento de Matematicas y Computacién, Universidad de La Rioja, 26006 Logrofio
algila@unirioja.es, jvarona@unirioja.es

Universal quadratic forms and indecomposables in simplest
cubic fields

Daniel Gil-Muifioz!

A quadratic form with coefficients in a totally real number field K is said to be universal
if it represents all totally positive integers of K (that is, those that are positive after applying
all embeddings of K'). For instance, Lagrange’s four square theorem assures that the rational
quadratic form x? + 32 + 22 + ¢? is universal. An interesting question is how many unknowns
are needed for a quadratic form with coefficients in K to be universal. From the work by
Blomer and Kala [I], 2], we know that this question is closely linked with the study of additive
indecomposables in the number ring O of K. In this talk we will review the work by Kala and
Tinkova [3] on the determination of indecomposables in Shanks’ family of simplest cubic fields
for the monogenic case and present a work in progress on some non-monogenic fields within this
family.

10



References

[1] V. BLOMER, V. KaLA, Number fields without n-ary universal quadratic forms, Math. Proc. Cam-
bridge Philos. Soc. 159 (2015), 239-252.

[2] V. KALA, Universal quadratic forms and elements of small norm in real quadratic fields, Bull. Aust.
Math. Soc. 94 (2016), 7-14.
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fields, Int. Math. Res. Not. IMRN, to appear.

LCharles University, Faculty of Mathematics and Physics, Department of Algebra, Sokolovska 83, 18600
Praha 8, Czech Republic

daniel.gil-munoz@mff.cuni.cz

Parametrizations of isogeny-torsion graphs
of elliptic curves over

Enrique Gonzilez Jiménez'

The isogeny graph of a Q-isogeny class of elliptic curves defined over Q consists in a vertex
for each elliptic curve in the isogeny class and an edge for each rational isogeny of prime degree
between elliptic curves in the isogeny class, with the degree recorded as a label on the edge.
The isogeny graphs of elliptic curves over Q first appeared in the so-called Antwerp tables [1].
Although the first proof (in press) seems to be due to Chiloyan and Lozano-Robledo [2], §6].
In the first part of this talk we will show parametrizations of these isogeny graphs. Moreover,
Chiloyan and Lozano-Robledo [2] define isogeny-torsion graph to be an isogeny graph where, in
addition, each vertex is labeled with the abstract group structure of the torsion subgroup of the
corresponding elliptic curve. They classify all the possible isogeny-torsion graphs that occur for
Q-isogeny classes of elliptic curves defined over Q. In the last part of this talk we will show
parametrizations of these isogeny-torsion graphs.

References

[1] B. J. BircH, W. Kuyk (EDS.), Modular Functions of One Variable IV, Lecture Notes in Mathe-
matics, vol. 476, Springer-Verlag, 1975.

[2] G. CHILOYAN, A. LozaNO-ROBLEDO, A classification of isogeny-torsion graphs of Q-isogeny classes
of elliptic curves, Trans. London Math. Soc. 8 (2021), 1-34.

1Departamento de Matematicas, Universidad Auténoma de Madrid, 28049 Madrid
enrique.gonzalez. jimenez@uam.es

Una de las dltimas conjeturas de Javier Cilleruelo

Fernando Chamizo Lorente!, José Granados Palomo?

Dado un entero positivo n, cada divisor d | n puede ser sumado con su correspondiente
divisor complementario n/d, y haciendo esto con todos los divisores se obtiene el conjunto de
nimeros S(n) := {d + n/d : d < n}. Aunque este conjunto a primera vista puede parecer
completamente aleatorio e irrelevante, observando los nimeros que aparecen es posible apreciar

11



que para algunos n ocurre un fenémeno aritmético curioso en sus respectivos S(n): la presencia
de ntmeros consecutivos. Aqui se intentard aclarar y formalizar el porqué de este fenémeno
aritmético.

1Depaurtaumento de Matematicas, Universidad Auténoma de Madrid, Madrid
fernando.chamizo@Quam.es

2Depaurtaumento de Estadistica, Econometria, Investigacién Operativa y Organizaciéon de Empresas, Uni-
versidad de Cérdoba, Cérdoba
z02grpaj@uco.es

A program to reconstructing points of superelliptic curves
over a prime finite field in SageMath

Jaime Gutierrez!

We present a SageMath implementation and empirical results of the main algorithm provided
in paper [1] for reconstructing points of superelliptic curves.

Here we consider the following computational problem: given the polynomial Y 4 f(X) €
F,[X, Y] and approximations to (vg, v1) € F3 where v} + f(vg) = 0 mod p, reconstruct (vo,v1).

Its has applications to, and has been motivated by, the predictability problem for the linear
congruential generator on elliptic and hyperelliptic curves.

This problem is a particular case of the problem of finding small solutions of multivariate
polynomial congruences. All of them are based on the so called lattice reduction techniques.

References

[1] J. GUTIERREZ, Reconstructing points of superelliptic curves over a prime finite field, Adv. Math.
Commun., online first, 2022, doi: 10.3934/amc.2022022.

1Depaeurtaumento de Matematica Aplicada y Ciencias de la Computacion, Universidad de Cantabria, 39005
Santander

jaime.gutierrez@unican.es

Integrales zeta y modelos de Shalika para GU(2,2)

Antonio Cauchi!, Armando Gutiérrez Terradillos®

La relacién entre periodos de formas automorfas y los polos de las funciones L de Langlands
es uno de los temas més interesantes en la teoria de ntmeros. Dada una representacién au-
tomorfa cuspidal = de un grupo G y una representacién r del grupo de Langlands dual G,
conjeturalmente se espera encontrar las siguientes relaciones:

1. La funcién L(s,m,r) tiene un polo.
2. Cierto periodo asociado a la representacién automorfa 7 es diferente de 0.

3. La representacion automorfa 7 es un lift (débil) funtorial respecto a una aplicacién inyec-
tiva H — G, siendo H el estabilizador de un punto genérico de la representacion r.

En esta presentacién explicaré la teoria basica de representaciones automorfas y enunciaré los
resultados obtenidos en [I] para los grupos GU(2,2) y GSp,.
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[1] A. CaucHi, A. GUTIERREZ TERRADILLOS, Zeta integrals and Shalika models for GU(2,2), en
progreso, 2022.

'Department of Mathematics, Concordia University, Montreal, Canad4
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2Departamento de Mateméaticas, Universitat Politécnica de Catalunya, Barcelona
armando.gutierrez@upc.edu

Computing the endomorphism ring
of a supersingular elliptic curve

Jenny G. Fuselier!, Annamaria Iezzi?, Mark Kozek®, Travis Morrison*
y ) b ) b

Changningphaabi Namoijam®

In recent years, isogeny-based cryptosystems have captured the attention of the math/crypto
community for their potential resistance to quantum attacks. In this context, the most promis-
ing protocols have as central objects supersingular elliptic curves defined over a finite field, and
their security is therefore based on the mathematical problem of calculating an isogeny between
two supersingular elliptic curves E and E’. It has been shown that this problem can be re-
duced to the calculation of the endomorphism rings of E and E’. In this talk, after reviewing
the mathematical and cryptographic context, we will then present an improved algorithm for
computing the endomorphism ring of a supersingular elliptic curve over a finite field.

1Department of Mathematical Sciences, High Point University, High Point, USA
jfuselie@highpoint.edu

2Dipartimento di Matematica e Applicazioni “Renato Caccioppoli”, Universita degli Studi di Napoli
Federico II, Napoli, Italia
annamaria.iezzi@unina.it

3Department of Mathematics & Computer Science, Whittier College, Philadelphia St. Whittier, USA
mkozek@whittier.edu

4Department of Mathematics, Virginia Tech, Blacksburg, USA
tmo@vt.edu

5Department of Mathematics, National Tsing Hua University, Hsinchu, Taiwan
namoijam@math.nthu.edu.tw

Plectic points and Hida-Rankin p-adic L-functions

Santiago Molina Blanco!

Plectic points were introduced by Fornea and Gehrmann as certain tensor products of lo-
cal points on elliptic curves over arbitrary number fields F. In rank r < [F' : Q]-situations,
they conjecturally come from p-adic regulators of basis of the Mordell-Weil group defined over
dihedral extensions of F'.
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In the project I want to discuss we define two variable anticyclotomic p-adic L-functions at-
tached to a family of overconvergent modular symbols defined over F' and a quadratic extension
K/F. Their restriction to the weight space provide Hida-Rankin p-adic L-functions.

If such a family passes through an overconvergent modular symbol attached to a modular
elliptic curve F, we obtain a p-adic Gross-Zagier formula that computes higher derivatives of
such Hida-Rankin p-adic L-functions in terms of plectic points. This result generalizes that of
Bertolini and Darmon, which has been key to demonstrating the rationality of Darmon points.

This is a joint work with Victor Herndndez Barrios.

1Dep&u‘tament de Matematica Aplicada, Universitat Politecnica de Catalunya, Barcelona
santiago.molina@upc.edu

—log 2 is a key number for the Dirichlet series

Gaspar Mora!, Edgar R. Benitez?

In this communication it is shown that —log2 is a number that plays a crucial role in the
Dirichlet series theory. Indeed, it will be demonstrated that given any Dirichlet series

Zf(z), s=o+iteC,
n=1 n

with f(n) an arbitrary arithmetical function of modulus 1 and f(1) = 1, one has
Qn
—log2 < — for all n > 1,
n

where

ap, = inf {a : i f(lj) = 0},
k=1

i.e. ap, n > 1, is the lower bound of the real part of the zeros of the nth partial sum of the
Dirichlet series given.
Furthermore if f is completely multiplicative, then there exists lim, a,/n and

a
lim — = —log2
non
holds. Consequently this relation is true for the Riemann zeta series.

IUniversidad de Alicante, Departamento de Mateméticas, Facultad de Ciencias II, Campus de San
Vicente del Raspeig, Ap. 99, 03080 Alicante
gaspar.moraQua.es

2Universidad Nacional de Asuncién, Facultad de Ciencias Exactas y Naturales, Campus de San Lorenzo,
San Lorenzo, Paraguay
edgarbenil5@gmail.com
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Overconvergent F-isocrystals as de Rham—Witt connections

Rubén Muiioz-Bertrand!

Rigid cohomology can be used to evaluate the Weil zeta function of an algebraic variety of
positive characteristic. To get more general L-functions, one can use a category of coefficients
called overconvergent F-isocrystals. In this communication, we will explain how overconvergent
F-isocrystals can be described as connections on a module over a Zariski sheaf when the variety
is smooth over a perfect field, as envisioned by Ertl [2]. To do this, we shall employ the over-
convergent de Rham—Witt complex, which has recently been introduced as a mean to compute
rigid cohomology [1].

We will recall the basic notions used in Monsky—Washnitzer cohomology [3] to the audience,
and explain how the concept of weak completion can be translated in the context of the de
Rham—Witt complex. We will then evoke how this enables one to do p-adic analysis with these
tools.
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Paris 354 (2016), 653-658.
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Leyes de reciprocidad intrinsecas

(Al Dr. José Maria Munoz Porras, In Memoriam)

Fernando Pablos Romo!

La charla estd destinada a analizar leyes de reciprocidad que pueden probarse de forma
intrinseca a partir de ideas del Prof. Dr. José Maria Mufioz Porras. Asi, se ofrecera la formulacién
abstracta de leyes clésicas de reciprocidad (entre ellas la ley de reciprocidad de Weil) que fue
demostrada en [I]. Y también se presentaran los resultados fundamentales de [2], donde se
ofrecié una ley de reciprocidad asociada con revestimientos finitos de curvas algebraicas, que
permite dar ejemplos concretos de leyes de reciprocidad en curvas algebraicas que no pueden
deducirse de la ley de reciprocidad de Weil.

Referencias

[1] J. M. MuNoZ Porras, F. PABLOS RoMO, Generalized reciprocity laws, Trans. Amer. Math. Soc.
360 (2008), 3473-3492

[2] J. M. MuNoz Porras, F. PaBLos Romo, F. J. PLAzZA MARTIN, An explicit reciprocity law
associated to some finite coverings of algebraic curves, Mediterr. J. Math. 15 (2018), Paper No. 82,

18 pp.
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Sobre el grupo de 2-Selmer de curvas elipticas

Daniel Barrera Salazar', Ariel Pacetti’, Gonzalo Tornaria?

Sea F una curva eliptica definida sobre un cuerpo de ntimeros K dada por una ecuacién de
la forma

E:y* = f(z),

donde f(x) es un polinomio irreducible con coeficientes en el anillo de enteros de K. En esta
charla, fruto de [1], mostraremos cémo acotar el grupo de 2-Selmer de la curva eliptica en térmi-
nos de la 2-torsién del grupo de clases de K(E[2]). A la vez, mostraremos algunas aplicaciones
al estudio de variacién del rango del grupo de 2-Selmer en familias de twists cuadraticos.

Referencias

[1] D. BARRERA SALAZAR, A. PACETTI, G. TORNARIA, On 2-Selmer groups and quadratic twists of
elliptic curves, Math. Res. Let., por aparecer.

Universidad de Santiago de Chile, Alameda 3363, Santiago, Chile
danielbarreras@hotmail.com

2Center for Research and Development in Mathematics and Applications (CIDMA), Department of
Mathematics, University of Aveiro, 3810-193 Aveiro, Portugal
apacetti@ua.pt

3Universidad de la Republica, Montevideo, Uruguay
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Some inverse problems on sumsets

Ram Krishna Pandey!

Let h > 2 be an integer and A be a non-empty finite set of integers. The h-fold sumset of A,
denoted by hA, is the set of all integers that are representable as a sum of h elements of A and
the restricted h-fold sumset of A, denoted by h"A, is the set of all integers that are representable
as a sum of h distinct elements of A. One of the fundamental problems in additive number
theory is to estimate the size of the sumsets hA and h"A and conversely, characterize the sets
A for which the sizes of these sumsets is minimum. Various types of sumsets are known now
(which are the generalizations of these two fundamental sumsets) such as the generalized h-fold

sumset [3], signed sumsets [2], and sumsets of dilated sets [I]. We study inverse problems for
some of these sumsets in this talk with some early and recent generalizations.
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Kummer theory for number fields

Antonella Perucca', Pietro Sgobba!, Sebastiano Tronto!

We give an overview of the results on Kummer theory for number fields by the authors joint
with Christophe Debry (KU Leuven) and Fritz Hormann (Freiburg). The focus is computing
the degrees for families of cyclotomic-Kummer extensions. If K is a number field and G is
a finitely generated subgroup of K*, then we investigate the cyclotomic-Kummer extension
K (Cam, ¥/G) /K for all positive integers n and m.

1Department of Mathematics, University of Luxembourg, 1.-4364 Esch-sur-Alzette, Luxembourg
antonella.perucca@uni.lu, pietro.sgobba@uni.lu, sebastiano.tronto@uni.lu

Left braces of size 8p
Teresa Crespo!, Daniel Gil-Muioz?, Anna Rio?, Montserrat Vela?

We describe all left braces of size 8p for an odd prime p # 3,7 and validate the number
given by Bardakov, Neschadim and Yadav in [I]. We give a characterization for isomorphism
classes of a semidirect product of left braces and then the description is done by first describing
left braces of size 8, as conjugacy classes of regular subgroups of the corresponding holomorph,
and then checking how many non isomorphic left braces of size 8p are obtained from each one
of them.
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Sistemas de Euler anticiclotémicos y ciclos diagonales I

Rail Alonso!, Francesc Castella?, Oscar Rivero®

El estudio de los sistemas de Euler ha permitido obtener en los ultimos afios resultados
en torno a las conjeturas de Birch y Swinnerton-Dyer, Bloch—Kato o la conjetura principal
de Iwasawa. En esta teoria, los denominados sistemas anticiclotémicos desempenan un papel
preponderante, dado que se obtienen de forma natural en el estudio de las variedades algebraicas
sobre cuerpos cuadraticos imaginarios.

En esta presentacién repasaré algunos de los tltimos avances en la teoria de los sistemas de
Euler y discutiré la motivacién detras de dos trabajos conjuntos con Ratl Alonso y Francesc
Castella, en los que construimos sistemas de Euler para la convolucién de dos formas modulares
y para el cuadrado simétrico de una forma modular, usando para ello familias p-adicas de ciclos
diagonales. Esto nos permite obtener aplicaciones en el estudio de la conjetura de Bloch—Kato
cuando el rango analitico es cero o uno, y también deducir una divisibilidad en la conjetura
principal de Iwasawa.

Esta presentacién se basa en los trabajos [I] y [2].

Referencias
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Motivos hipergeométricos
David P. Roberts'

El articulo [I] describe una construcciéon general que comienza en un vector de nimeros en-
teros, pasa por una familia de variedades algebraicas y termina en una colecciéon de funciones L.
El interés en esta construccién es que las funciones L obtenidas son una muestra representativa
de todas las funciones L motivicas y, al mismo tiempo, permiten calculos numéricos de alta pre-
cision. La charla dard una introduccién a esta construccién mediante un ejemplo relativamente
simple. Este ejemplo comenzard desde [—5, —2, 3, 4], recorrerd una familia de curvas de género
dos y terminara en calculos de los ceros de algunas funciones L.

Referencias

[1] D. P. ROBERTS, F. RODRIGUEZ VILLEGAS, Hypergeometric motives, Notices Amer. Math. Soc., por
aparecer, June/July 2022.

IDivision of Science and Mathematics, University of Minnesota Morris, Morris, Minnesota, 56267, USA
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Fundamental domains for the Bruhat-Tits tree for GLy(F})

Eloi Torrents Juste!

The computation of fundamental domains of the Bruhat-Tits tree by the action of quater-
nionic groups allows the computation of harmonic cocycles on it. These are related to automor-
phic forms and from this fact are derived several applications, as for example the computation
of points on Shimura curves and Heegner points on elliptic curves as done by M. Greenberg and
later generalized by C. Franc and M. Masdeu.

In this talk we will review these concepts, and we will explain how to apply them in the
computation of Heegner points on elliptic curves in cases where the Heegner hypothesis is not
satisfied, and therefore the classical arquimedian construction of these points is difficult to
compute.

lDepartamento de Matematicas, Universitat Autonoma de Barcelona, 08193 Cerdanyola del Valles
etorrents@mat.uab.cat

Sign changes of the Liouville function on quadratics

Anitha Srinivasan!

Are there infinitely many primes of the kind n? + 1? Or, more generally, is n? 4+ d prime
for infinitely many n? We all believe this is true but a proof still eludes us. Even the simpler
question that asks whether n? 4+ d has an odd number of primes infinitely often, is a challenging
one. Existing results answer this question only conditionally. In this talk we present our result
that settles this case: we show that there are infinitely many n such that n? + d has an odd
number of prime divisors (counting multiplicity). The analogous result for an even number of
primes also holds. The proof is based on the theory of genera of binary quadratic forms.

"Madrid
rsrinivasananitha@gmail.com

Horario / Schedule

Dos charlas, marcadas con (C), fueron canceladas por culpa del covid. / Two talks, marked
with (C), were cancelled due to the covid.

Martes 28 de junio / June 28th, Tuesday

= 9:15-19:30 Entrega de documentacién / Delivery of documentation

= 9:30-10:00 Inauguracién / Opening

= 10:00-11:00 P. Bayer: On Shimura curves of PEL-type

» 11:00-11:30 Café / Coffee

= 11:30-12:00 A. Pacetti: Sobre el grupo de 2-Selmer de curvas elipticas
= 12:00-12:30 A. Perucca: Kummer theory for number fields

= 12:30-13:00 J. Granados: Una de las Gltimas conjeturas de Javier Cilleruelo
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13:00-13:30 A. Rio: Left braces of size 8p
13:30 Comida / Lunch

15:30-16:30 S. Anni: Counting modular forms with a Galois representation mod p and
the Atkin-Lehner eigenvalue at p fixed simultaneously

16:30-17:00 R. K. Pandey: Some inverse problems on sumsets
17:00-17:30 Café / Coffee

17:30-18:00 D. Gil-Munoz: Universal quadratic forms and indecomposables in simplest
cubic fields

18:00-18:30 O. Rivero: Sistemas de Euler anticiclotémicos y ciclos diagonales I

18:30-19:00 R. Alonso: Sistemas de Euler anticiclotémicos y ciclos diagonales 11

Miércoles 29 de junio / June 29th, Wednesday

9:30-10:30 M. Masdeu: Computing plectic Stark-Heegner invariants
10:30-11:00 S. Molina: Plectic points and Hida-Rankin p-adic L-functions
11:00-11:30 Café / Coffee

11:30-12:00 M. I. de Frutos: Formalizing the ring of adeles and some applications in
Lean

12:00-12:30 D. P. Roberts: Motivos hipergeométricos

12:30-13:00 F. Bars: On infinity of cubic points over the rationals for quotient modular
curves

13:00-13:30 T. Dalal: On Drinfeld oldforms and newforms
13:30 Comida / Lunch
15:30-16:30 L. Thompson: Sumar p(n): un algoritmo elemental més rapido

16:30-17:00 A. Gutiérrez Terradillos: Integrales zeta y modelos de Shalika para
GU(2,2)

18:30 Excursién / Excursion (Bodegas Franco-Espanolas)

Jueves 30 de junio / June 30th, Thursday

9:30-10:30 (C) V. Cantoral-Farfan: Sobre el grupo de componentes del grupo de Sato-
Tate

10:30-11:00 P. J. Cazorla: The modular method and its limitations

11:00-11:30 Café y foto de grupo / Coffee and group photo

11:30-12:00 E. Torrents: Fundamental domains for the Bruhat-Tits tree for GLa(F})
12:00-12:30 A. Srinivasan: Sign changes of the Liouville function on quadratics

12:30-13:00 R. Munoz-Bertrand: Overconvergent F-isocrystals as de Rham—Witt con-
nections

13:00-13:30 F. Pablos: Leyes de reciprocidad intrinsecas
13:30 Comida / Lunch
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15:30-16:30 H. Darmon: Rigid meromorphic cocycles
16:30-17:00 A. Gil Asensi: On Dunkl zeta functions and their properties
17:00-17:30 Café / Coffee

17:30-18:00 J. Gutierrez: A program to reconstructing points of superelliptic curves
over a prime finite field in SageMath

18:00-18:30 A. Iezzi: Computing the endomorphism ring of a supersingular elliptic curve
18:30-19:00 Reunién 10JTN / 10JTN meeting
21:00 Cena / Dinner

Viernes 1 de julio / July 1st, Friday

9:30-10:00 G. Mora: —log?2 is a key number for the Dirichlet series
10:00-10:30 E. Florit: Abelian varieties of GL4 type

10:30-11:00 (C) D. Martinez (MIdF): Towards a refined class number formula for
Drinfeld modules

11:00-11:30 Café / Coffee
11:30-12:00 M. Bello-Hernandez: La conjetura de Erdés-Straus

12:00-12:30 E. Gonzalez: Parametrizations of isogeny-torsion graphs of elliptic curves
over Q

12:30-13:30 P. Candela: On a generalization of Fourier analysis arising from number
theory

13:30-13:45 Clausura / Closing
13:45 Comida / Lunch

Participantes / Participants

Ratl Alonso Rodriguez (Princeton University)

Samuele Anni (Aix-Marseille Université)

Alberto Arenas (Universidad de La Rioja)

Francesc Bars (Universitat Autonoma de Barcelona)

Pilar Bayer (Universitat de Barcelona)

Manuel Bello Hernandez (Universidad de La Rioja)

Pablo Candela (Universidad Auténoma de Madrid)

Victoria Cantoral-Farfan (Georg-August-Universitat Gottingen)
Sebastian Carrillo Santana (Utrecht University)

Pedro-José Cazorla Garcia (University of Manchester)

Maria Chara (CONICET, Argentina)

Capi Corrales Rodriganez (Universidad Complutense de Madrid)
Tarun Dalal (Indian Institute of Technology Hyderabad)

21



Foto de grupo / Photo of the assistants

Henri Darmon (McGill University, Montreal)

Alain Escassut (Université Clermont Auvergne (Aubiere)

Ron Erez (Tel Aviv University)

Enric Florit Zacarias (Universitat de Barcelona)

Maria Inés de Frutos Ferndandez (Imperial College London)
Verénica Garrido Lépez (Universidad de Sevilla)

Alejandro Gil Asensi (Universidad de La Rioja)

Daniel Gil Munioz (Charles University, Prague)

Pedro Gémez de Terreros (Universidad de Sevilla)

Enrique Gonzalez Jiménez (Universidad Auténoma de Madrid)
Josep Gonzélez-Rovira (Universitat Politecnica de Catalunya)
José Granados Palomo (Universidad de Cérdoba)

Jordi Guardia (Universitat Politécnica de Catalunya)

Xavier Guitart (Universitat de Barcelona)

Jaime Gutiérrez Gutiérrez (Universidad de Cantabria)
Armando Gutierrez Terradillos (Universitat Politécnica de Catalunya)
Harald Andrés Helfgott (University of Gottingen)

Annamaria lezzi (Universita degli Studi di Napoli Federico II)

Jorge Jiménez Urroz (Universitat Politecnica de Catalunya)
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Edgar Labarga (Universidad de La Rioja)

Joan-Carles Lario (Universitat Politecnica de Catalunya)
Elisa Lorenzo (Université de Neuchatel)

Daniel Macias (Universidad Auténoma de Madrid)

Marc Masdeu (Universitat Autonoma de Barcelona)
Judit Minguez Ceniceros (Universidad de La Rioja)
Santiago Molina Blanco (Universitat Politécnica de Catalunya)
Gaspar Mora (Universidad de Alicante)

Rubén Munoz-Bertrand (Université Paris-Saclay)

Luis Navas (Universidad de Salamanca)

Fernando Pablos Romo (Universidad de Salamanca)
Ariel Martin Pacetti (Universidade de Aveiro)

Ram Krishna Pandey (Indian Institute of Technology Roorkee)
Ulises Pastor Diaz (Universidad de Sevilla)

Antonella Perucca (University of Luxembourg)

Adolfo Quirés (Universidad Auténoma de Madrid)

Anna Rio (Universitat Politeécnica de Catalunya)

Oscar Rivero Salgado (University of Warwick)

David P. Roberts (University of Minnesota Morris)
Antonio Rojas Le6n (Universidad de Sevilla)

Marta Séanchez (Universidad de Sevilla)

Ignasi Sdnchez Rodriguez (Universitat de Barcelona)
Alvaro Serrano Holgado (Universidad de Salamanca)
Anitha Srinivasan (Madrid)

Lola Thompson (Utrecht University)

José Maria Tornero (Universidad de Sevilla)

Eloi Torrents Juste (Universitat Autonoma de Barcelona)
Juan Luis Varona (Universidad de La Rioja)

Montse Vela (Universitat Politécnica de Catalunya)

Javier Villar Ortega (Universidad de La Rioja)
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