
Linear Algebra and its Applications 511 (2016) 203–225

Contents lists available at ScienceDirect

Linear Algebra and its Applications

www.elsevier.com/locate/laa

Regular partitions of half-spin geometries

Ilaria Cardinali a,∗, Bart De Bruyn b

a Department of Information Engineering, University of Siena, Via Roma 56, 
I-53100, Siena, Italy
b Department of Mathematics, Ghent University, Krijgslaan 281 (S22), 
B-9000, Gent, Belgium

a r t i c l e i n f o a b s t r a c t

Article history:
Received 20 July 2016
Accepted 10 September 2016
Available online 15 September 2016
Submitted by R. Brualdi

MSC:
51A50
15A18
05B25
05E30

Keywords:
Regular partition
Half-spin geometries

We describe several families of regular partitions of half-spin 
geometries and determine their associated parameters and 
eigenvalues. We also give a general method for computing the 
eigenvalues of regular partitions of half-spin geometries.
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1. Introduction

Let q be a prime power and n ∈ N \ {0, 1}. Let Q+(2n − 1, q) be a hyperbolic quadric 
of PG(2n −1, q) and denote by M the set of generators of Q+(2n −1, q), i.e. the set of all 
subspaces of Q+(2n − 1, q) of maximal (projective) dimension n − 1. On the set M, an 
equivalence relation can be defined by calling two generators equivalent whenever they 
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intersect in a subspace of even co-dimension. There are two equivalence classes which we 
will denote by M+ and M−.

For every ε ∈ {+, −}, the following point-line geometry HSε(2n −1, q) can be defined:

• the points of HSε(2n − 1, q) are the elements of Mε;
• the lines of HSε(2n − 1, q) are the subspaces of dimension n − 3 of Q+(2n − 1, q);
• incidence is reverse containment.

The isomorphic geometries HS+(2n − 1, q) and HS−(2n − 1, q) are called the half-spin 
geometries of Q+(2n − 1, q). We denote any of these geometries by HS(2n − 1, q).

The half-spin geometry HS(3, q) is a line containing q + 1 points, HS(5, q) is isomor-
phic to PG(3, q) (regarded as a linear space) and HS(7, q) is isomorphic to the geometry 
of the points and lines of Q+(7, q).

In this paper, we study regular partitions of half-spin geometries. These are par-
titions P = {X1, X2, . . . , X|P|} of the point sets for which there are constants aij , 
i, j ∈ {1, 2, . . . , |P|}, such that every point x ∈ Xi is collinear with precisely aij points 
of Xj \ {x}. The eigenvalues of the matrix AP = (aij) are called the eigenvalues of the 
regular partition, and each of these eigenvalues is also an eigenvalue of the collinearity 
graph of the geometry.

In this paper, we describe several families of regular partitions of half-spin geometries 
and determine their parameters and eigenvalues. Regular partitions have already been 
studied for other families of point-line geometries, like generalized polygons [8] and dual 
polar spaces [3]. Many regular partitions are associated with nice substructures, and the 
eigenvalues of these regular partitions might yield information about the structures from 
which they are derived. Indeed, Proposition 2.1 below shows that these eigenvalues are 
a helpful tool for determining intersections sizes of combinatorial structures.

This paper is organized as follows. Section 3 contains the main results of this paper. 
In this section, we describe several families of regular partitions of half-spin geome-
tries, many of which are related to nice geometrical substructures, and mention their 
parameters and eigenvalues. In Section 4, we describe a general method for computing 
eigenvalues of regular partitions of half-spin geometries, and in Section 5 we apply this 
method to compute the eigenvalues of all families of regular partitions described in Sec-
tion 3. Before we do that, we recall some basic facts about regular partitions, half-spin 
geometries and hyperbolic dual polar spaces in the next section.

2. Preliminaries

2.1. Regular partitions of point-line geometries

Let X be a nonempty finite set and R ⊆ X ×X a symmetric relation on X.
A partition P = {X1, X2, . . . , Xk} of size k of X is called R-regular if there exist 

constants aij , i, j ∈ {1, 2, . . . , k}, such that for every x ∈ Xi, there are precisely aij



Download	English	Version:

https://daneshyari.com/en/article/6415963

Download	Persian	Version:

https://daneshyari.com/article/6415963

Daneshyari.com

https://daneshyari.com/en/article/6415963
https://daneshyari.com/article/6415963
https://daneshyari.com/

