Universiteit

4 Leiden
The Netherlands

Complex multiplication constructions of abelian extensions of quartic
fields

Asuncion, ]J.G.

Citation
Asuncion, J. G. (2022, May 24). Complex multiplication constructions of abelian extensions
of quartic fields. Retrieved from https://hdl.handle.net/1887/3304503

Version: Publisher's Version

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/3304503

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3304503

universi té Yy, Universiteit
de B 0 R D E A U X The Netherlands

Co-supervised thesis presented to obtain the qualification of

DOCTOR OF THE UNIVERSITY OF BORDEAUX
AND LEIDEN UNIVERSITY

Doctoral School of Mathematics and Computer Science

Specialization: Pure Mathematics

by

JARED ASUNCION

Complex multiplication constructions of

abelian extensions of quartic fields

Under the supervision of Andreas Enge and Marco Streng

Defense on: 24 may 2022

Members of the examination panel:

Mr. David KOHEL Professor, Aix-Marseille Université President
Mr. Claus FIEKER Professor, Technische Universitat Kaiserslautern Referee
Mr. David KOHEL Professor, Aix-Marseille Université Referee
Mrs. Sorina loNIcA Maitre de conférences, Université de Picardie Examiner
Mr. Ronald vaN Lujk  Professor, Universiteit Leiden Examiner
Mr. Andreas ENGE Directeur de recherche, INRIA Co-director

Mr. Marco STRENG Associate Professor, Universiteit Leiden Co-director



Title: Complex multiplication constructions of abelian extensions of quartic fields

Abstract: Let (K, ®) be a primitive quartic CM pair and (K", @") be its reflex. In a 1962 arti-
cle titled On the class-fields obtained by complex multiplication of abelian varieties, Shimura
considered a particular family { Fxr(m) : m € Zq} of abelian extensions of K, and showed
that the Hilbert class field Hxr (1) of K is contained in Fxr(m) for some positive integer m.
In this thesis, we make this m explicit. We also give a way to determine, given a positive in-
teger n, whether or not Hgr (1) C Fkr(n). In addition, we show a way to compute defining
polynomials of the extension Fkr(n)/K" for any positive integer n. We also give an algo-
rithm that computes a set of defining polynomials for the Hilbert class field Hxr (1) using
information on Fir(m). Our proof-of-concept implementation of this algorithm computes
a set of defining polynomials much faster than current implementations of the generic Kum-

mer algorithm for certain examples of quartic CM fields.

Keywords: complex multiplication, CM fields, Hilbert class fields

Title: Constructions de multiplication complexe d’extensions abéliennes de corps quartiques

Abstract: Soit (K, ®) une paire CM quartique primitive et (K", ®") son réflexe. Dans un arti-
cle de 1962 intitulé On the class-fields obtained by complex multiplication of abelian varieties,
Shimura considére une famille particuliére {Fxr(m) : m € Z.p} d’extensions abéliennes
de K, et montre que le corps de classe Hilbert Hxr (1) de K est contenu dans Fxr(m) pour
un certain entier positif m. Dans cette thése, nous donnons une valeur explicite de cet en-
tier m. Nous donnons également un moyen de déterminer, étant donné un entier positif n,
si Hkr (1) € Fkr(n) ou non. De plus, nous donnons une maniére de calculer les polynémes
de définition de 'extension Fir(n)/K" pour tout entier positif n. Nous donnons également
un algorithme qui calcule un ensemble de polynomes de définition pour le corps de classes
de Hilbert Hxr (1) en utilisant des informations sur Fxr(m). Nous avons implanté cet al-
gorithme et nous calculons un ensemble de polynomes de définition beaucoup plus rapi-
dement que les implantations actuelles de l'algorithme générique de Kummer pour certains

exemples de corps CM quartiques.

Keywords: multiplication complexe, corps CM, corps de classes de Hilbert
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