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1. Introduction

My research would deal with elliptic curves.

The goal is to find a representation of (a family of) elliptic curves that realize a given set of singular fibers. Then try to simplify this representation using a normalization process.

2. Background

A morphism π: X→ C between two algebraic varieties over C (complex numbers) is called an elliptic fibration if X is a projective smooth surface and C is a smooth curve, such that for all points c є C, except for a finite number, the fiber 
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is an elliptic curve. Those fibers that aren’t such curves are called the singular fibers. In this case we call the surface X an elliptic surface.

An elliptic fibration can be represented by a family of elliptic curves that is given in 

Weierstras form:
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Using known quantities that are defined on Weierstras` equation, like the discriminant 
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, the j-invariant 
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, etc. we can build an equations system from which we can construct a surface representation.

There are several different types of singular fibers.
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In my research I will focus on elliptic surfaces that realize singular fibers of type
[image: image6.wmf]I

n

:











where n is number of projective curves that 




            intersect each other like this.

The type of a singular fiber defines constrains on value of j-invariant, for example for type 
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, j = ∞, and that helps to develop an equations system I look for.

For example, an interesting case is a family of elliptic curves that realizes the following set of singular fibers: [
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]. Each such family gives a surface, which is a Kummer surface associated with an Abelian variety with action of the maximal order in quaternion algebra of discriminant 14.

Since, after the elimination process of the equations system we get an equation of quite high degree, we need to use special techniques in order to find (a family of) solutions. One of such techniques is looking for solutions in different finite fields of the form 
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, where p is some prime number and 
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is algebraic closure of 
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Then, using L.L.L. algorithm we can combine solutions we got to solutions in origin field C(t).

3. Previous researches

The work of Herfurtner gives all cases with four singular fibers.

The thesis work of Yonatan Iron that contains a presentation of a K3 elliptic surface that realizes [
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] set of singular fibers.

In this case he found that there is only one elliptic surface of this kind, up to isomorphism.

4. Importance

The present work has both computer scientific and mathematical importance. 

From the computer science point of view understanding of elliptic fibrations may lead to new methods for studying the discrete logarithm problem. Indeed, varying an elliptic curve in a family resembles the first step in index calculus methods used for other discrete log problems. In addition, Gröbner bases techniques have been used for many computer science problems. On the mathematical side, elliptic fibrations, in particular the above mentioned example, are related to Shimura curves and expected to be relevant for irrationality proofs of special values of the Riemann Zeta function.
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