Linear representations of semipartial
geometries

S. De Winter*

Abstract

Semipartial geometries (SPG) were introduced in 1978 by Debroey and
Thas [5]. As some of the examples they provided were embedded in affine
space it was a natural question to ask whether it was possible to classify all
SPG embedded in affine space. In AG(2,¢q) and AG(3,¢q) a complete classifi-
cation was obtained ([6]). Later on it was shown that if an SPG, with a > 1,
is embedded in affine space it is either a linear representation or TQ(4,2")
(see [8],[11]). In this paper we derive general restrictions on the parameters
of an SPG to have a linear representation and classify the linear representa-
tions of SPG in AG(4, q), hence yielding the complete classification of SPG in
AG(4,q), with a > 1.

1 Introduction

A semipartial geometry with parameters s, ¢, a and p, denoted by spg(s,t, a, ), is
a connected partial linear space S of order (s, t) satisfying the following axioms.

(i) If a point « and a line L are not incident, then there are either 0 or a (v > 0)
points which are collinear with x and incident with L.

(ii) If two points are not collinear, then there are y (@ > 0) points collinear with

both.
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Semipartial geometries were introduced by Debroey and Thas in [5]. Semipartial
geometries have a strongly regular point graph. A semipartial geometry such that
a = 1 is called a partial quadrangle, and was introduced in [4] by Cameron. A
semipartial geometry such that for each anti-flag, i.e. non-incident point-line pair
(z, L), there are exactly a points on L collinear with x is called a partial geometry
[1]. In that case, condition (ii) is trivially satisfied with 1 = (¢4 1) and, conversely,
every semipartial geometry with u = «(t + 1) is a partial geometry pg(s,t,a). A
pg(s,t,t) is also known as a (Bruck) net of order s+1 and degree t+1. A semipartial
geometry that is not a partial geometry will be called a proper semipartial geometry.
Several examples of partial and proper semipartial geometries are known; for an
overview on these geometries we refer to [7, 9]. In the rest of this section however
we shall restrict ourselves to those examples and constructions that we will need in
the rest of this paper.

Consider an affine space AG(n + 1,¢) and a point set K in its hyperplane II :=
PG(n,q) at infinity. The geometry 7,7 (K) with point set the points of AG(n + 1, q)
and as set of lines the the union of all parallel classes of lines of AG(n+ 1, ¢), whose
points at infinity are the points of K is called the linear representation of KC (the
incidence is the one inherited from AG(n + 1, q)).

A maximal arc K of degree d, with d > 0, in a projective plane II of order ¢ is
a non-empty set of points such that each line of II that intersects K in at least one
point intersects it in exactly d points, i.e., it is a nonempty set of gd — ¢ + d points
in IT such that every line of II has either 0 or d points in common with K.

A unital  in a projective plane IT = PG(2, ¢?) is a set of ¢® + 1 points such that
each line of II intersects U in either 1 or ¢ 4+ 1 points.

We can now give an overview of the known spg(s,t, «, u) which have a linear
representation 77%(K). We always suppose that K is not trivial, i.e. K nor its
complement is empty, a point or a subspace. If & = 1 then Calderbank [2], and
Tzanakis and Wolfskill [18] obtained an almost complete classification.

Theorem 1.1. If K is a non-trivial point set in PG(n,q) such that T (K) is an
spg(q — 1, |K| — 1,1, i), then only the following cases can occur:

e [ is a hyperoval in PG(2,2™);
e IC is an ovoid in PG(3,q);
e Cis an 11-cap in PG(4,3);

o IC is the unique 56-cap in PG(5,3); or a 78-cap in PG(5,4) such that each
external point is on 7 secants (at least one example is known);

o ICis a 430-cap in PG(6,4), however it is not known whether such a cap exists.
If o > 1 the following examples are known:
e in AG(2,q) every linear representation is a Bruck net;

e [ is a maximal arc in PG(2, ¢), and then T3 (K) is a partial geometry, and was
constructed by Thas [16];

e K is a unital U in PG(2, ¢?), and then Tj (U) is an spg(¢® — 1, ¢, ¢, ¢*(¢* — 1));
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e K is a Baer-subgeometry B = PG(n,q) of PG(n,¢*), and then T5(B) is an
spg(q® — 1, T — 1,¢,q(q + 1)).

To end this introduction we mention some theorems which will be of use in the
following sections.

Theorem 1.2 ([15]). Let O be a set of points in PG(n,q), n > 3, such that each
line intersects O in either a or B points. If O nor its complement is empty, a point
or a hyperplane, then q is an odd square and if a < (3 then

o =3(a+1- Vil -o)

5:%(q+1+\/§(1+6)) and

n—1

1 —1
0= 50+ T—

=) (¢ +evg) +0y/q" ),

where e = £1 and 6 = £1.

Theorem 1.3 ([14]). If K is a set of points of PG(n,q), n > 3, with the property
that every hyperplane of PG(n, q) intersects KC in either 0 orm > 0 points, then IC is
either a unique point or the point set of the complement of a hyperplane of PG(n, q).

Theorem 1.4 ([19]). If K is a point set in PG(n,q), n > 3, with the property
that IC spans PG(n, q) and such that each line of PG(n,q) intersects K in either 0,
1 ora>/q+ 1 points, then K is either a Baer-subgeometry, an affine subspace of
PG(n,q), or K equals the point set of PG(n, q).

2 General results

From now on let K be a non-trivial set of points in PG(n,q), n > 3 (i.e. K is not a
subspace nor its complement). Embed PG(n, q) as a hyperplane II in PG(n + 1, q).
We assume that the linear representation 7,7 (K) of K is an spg(q — 1, |[K| — 1, a, ).
In this section we will derive some general results for such a set K, which will enable
us in the following sections to obtain a classification when n = 3. We always suppose
that a > 1. Throughout this paper N will always mean all non-negative integers,
including 0.

Lemma 2.1. Every line of 11 intersects K in either 0, 1 or a+ 1 points, and the set
IC consists of 1 + xa, © € N, points. There exists a constant 6 such that each point
not belonging to IC is incident with 0 lines intersecting K in 1 point. Furthermore
IC has two intersection numbers with respect to hyperplanes.

Proof. 1t is readily checked that the a-condition for SPG implies that a line inter-
secting /C in at least two points must intersect it in a + 1 points. Now consider a
fixed point of L. Then any line through this point contains either 0 or a other points
of K. Hence |K| =1+ za, with x the number of lines through a given point of K
intersecting I in at least 2 points. The existence of the constant 6 is a consequence
of the p-condition for SPG. There holds p = (|| — #)a. Finally, since the point
graph of T7(K) is strongly regular, the last assertion of the lemma follows from a
result by Delsarte, see [10] (see also [3]). ]
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We will call a line intersecting K in 0, 1, respectively «a + 1 points an exterior
line, a tangent, respectively an (« + 1)-secant.

Lemma 2.2. (i) There exist exterior lines of K.
(i1) Fvery hyperplane of I1 has at least one point in common with K.

Proof. (i) Suppose by way of contradiction that every line of II would have at
least one point in common with K, then clearly each line intersects I in either
1 or ar+1 points. From Theorem 1.2 there follows that 1 = £(g+1—,/q(1—¢)),
with € = &1, clearly a contradiction.

(ii) If there exist hyperplanes exterior to I, then Lemma 2.1 implies that a hy-
perplane contains either 0 or m > 0 points of K. Hence Theorem 1.3 yields
that IC is either a point or the point set of the complement of a hyperplane,
in contradiction with our assumptions. [ |

Together with Lemma 2.1 the previous lemma implies that a hyperplane contains
either 14y« points of K or 1+ za points of K, y, z € N, with y < z ([3]). We will call
a hyperplane of the former (resp. latter ) type a y-hyperplane (resp. z-hyperplane).
From [3] it follows that /C yields a two-weight code with weights w; = 1+za—(1+za)
and wy = 1+ za — (1 + ya).

Lemma 2.3. If K is a set of points in 11 := PG(n,q), n > 3, ¢ = p™, p prime, with
the property that T*(K) is an spg(q — 1,|K| — 1, a, 1) then a = p*, 0 < i < m.

Proof. By the previous lemma we can choose a subspace v := PG(l, ¢) C II exterior
to I, 0 < I < n — 1, such that no (I + 1)-dimensional subspace is exterior to K.
Now consider any I' := PG(l + 2,¢) C II containing ~. Clearly |I' N K| = 1 + cq,
¢ € N\ {0}. Every (I + 1)-dimensional subspace of I" containing v will contain
1+ cja, ¢; € N, points of K. We obtain

q
> (14 ¢a) =1+ ca
i=0

and hence q + « Z?:O ¢; = ca. This proves the lemma. [ |

Lemma 2.4. There holds that = — y equals p* for some k > 0

Proof. From [3] it follows that wy — w; = p*, w € N. Hence the previous lemma
implies that wy — w; = (2 — y)p' = p¥. Thus z —y = p* for some k € N. We
will now show that £ > 0. Consider an exterior line L and let § be the number of
z-hyperplanes containing L. We count the pairs (u,n), where u € I, u € n and n a
hyperplane containing L, in two ways:
5(1 =1 _5a 1tz =1
(1+ za) + ( -1 )(1+ya) = (14 za) -1

Now consider an (a+1)-secant M and let ¢’ be the number of z-hyperplanes contain-
ing M. Here we count the pairs (v,§), where v € K\ M, v € £ and £ a hyperplane
containing M,

Gl -1

8 (z—1a+ | —Ny—Na=(xr—1) |
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Subtracting the second equation from the first yields

_Oz—l—l
o«

n—2

(0" —0)p"

q

Since o # ¢ (because otherwise K would be the point set of a subspace) we find
that O‘THQ"*2 > q" 2 +2¢" 3 (recall that a = p’). As §,0’ € N, we see that if k =0
it follows that &' > ¢" 2 + 2¢" 3, a contradiction since &' < (¢" ' —1)/(¢—1). =

Lemma 2.5. If K is a set of points in 11 := PG(n,q), n > 3, ¢ = p™, p prime, with
the property that T*(K) is an spg(q — 1, |K| — 1, p', u) then the strongly regular point
graph of T;*(K) has parameters

_ i x(ap’)(p" —p')
[ ] M — p pmn+pm(n71)+___+pm7xpi)

e \=q—2+xp'(p' — 1) and
o K = (zp'+1)(p™ — 1), with K the valency of the graph.

Proof. From the previous lemmas we know that u = (zp’ + 1 — 0)p’. So we should

now determine . We count in two ways the pairs (u,v), where u ¢ K, v € K and
. i n__ n+1l_ i .

uv a tangent. We obtain (1 + xp )(qq_—l1 — :c)q.: (4 = L — 1 — 2p")0 from which 6

iz(1+ap') (™ —p')

pmn+,,,+pm_xpl -

follows. It now easily follows that = p
The values for A and K follow trivially. [ |
Theorem 2.6. Let K be a set of points in 11 := PG(n,q), n > 3, ¢ = p™, p

prime, with the property that T*(K) is an spg(q — 1,|K| = 1,p%, u). If i > m/2, then
T, (K) = T3(B).

Proof. Since T*(K) is connected, it follows that I spans PG(n,q). Now Theorem
1.4 immediately implies that I is a Baer subgeometry. [

From now on we may suppose that i < m/2. We will use the following theorem
from [3].

Theorem 2.7 ([3]). If K is a point set in PG(n, q) with the property that T (K)
has a strongly reqular point graph with parameters (v = ¢" ", K = |K| (¢ — 1), A\, ),
then

q(ws —w) = (A = p)? + 4(K — )2,

where wy < wy are the two intersection numbers of KC with respect to hyperplanes of

PG(n,q).

Since the point graph of 7;7(K) is strongly regular Theorem 2.7 implies that
PP = (N = p)? + 4K — p) (1)

with A, 4 and K as in Lemma 2.5.
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Now set D = p>™ + p?™ + p™ — 2p’, D(3) =0, D(n) = p*™ + ... +p"™ if n > 4,
and N = pz(1 + zp’)(p™ — p'); furthermore let A and p be as in Lemma 2.5. We
calculate the right hand side of equation (1):

N N
(A — D+D(n))2 +4(K - D+D(n))

+N?+4K(D + D(n)) —4N(D + D(n))]
with U = \2D? — 2ADN + N? + 4K D — 4N D. Hence, after multiplication of both
sides of equation (1) with (D + D(n))?, we obtain

PPk (e p(n=Dm i) = U, (2)

with U, = U + D(n) (2DA? + D(n)A\2 — 2AN + 4K — 4N).

Finally we show that from I we can construct a point set in PG(n —1, ¢) having
two intersection numbers with respect to hyperplanes. Let u be any point of K and
consider a hyperplane A of Il not containing u. As every hyperplane through u
contains either y or z (a + 1)-secants through u, we see that the projection of K
from v on A yields a point set £ of cardinality « in A with the property that every
hyperplane of A contains either y or z points of £. Notice that both intersection
numbers occur.

Lemma 2.8. There holds

"=+ -1 -+ )" =) +y(d"-1) =0  (3)

Proof. In [12] this is shown for n = 3 (not in the context of projections of a set K).
The proof we give for the general case is analogous. Let £ and A be as above. Denote
by 7,, respectively 7., the number of hyperplanes of A containing y, respectively z,
points of £. We obtain

_a-t
Ty + T, = —1
N _ n—1 __ 1
TY+ T2 =1 1
qn72 -1
Tyly—1) +m2(z — 1) = z(z — 1)61_71
Eliminating 7, and 7, from these equations yields equation (3). ]

3 Thecasen =3

In this section we suppose that the setup is as in the previous section with n = 3,
a =p" > 1and i < m/2. Furthermore we use the same notations. We start by
handling some special cases.

We need the following theorem, which is due to Thas.
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Theorem 3.1 ([17]). Suppose K is a point set in PG(n, q), n > 3, with the property
that a hyperplane contains either 1 or m > 1 points of KC and such that there exists
at least one hyperplane containing exactly 1 point of K. Then IC is the point set of
a line of PG(n,q) or K is an ovoid of PG(3, q).

In our setup this immediately translates into the following.
Theorem 3.2. The case y =0 cannot occur.
Next we exclude the other end of the spectrum.

Theorem 3.3. The case z = q+ 1 cannot occur.

Proof. In a z-plane of IT every point of K is clearly contained in g+ 1 (a+ 1)-secants.
There follows that a z-plane contains no tangent lines and hence that C induces a
maximal arc in every z-plane. This implies that @ = p! — 1, in contradiction with
Lemma 2.3. ]

We will now start with an analysis of equation (2), but first we introduce a new
notation. We will denote by O(p’) any polynomial in p of degree at least p/ with
coefficients in N. The calculations in the rest of this section are tedious, and can
easily be carried out in MAPLE. That is the reason why in most steps we only
mention the terms we need and use shortened expressions.

If n = 3 equation (2) becomes
p2m+4i+2k <p3mfi _'_p2mfi _'_pmfz . x>2 U (4)
with
U = (1’2 _ 21,3 + x4>p4i 4 O<p4i+1>

Considering this equation modulo p**! we find that p divides x?(x — 1)2. There
follows

Lemma 3.4. Either p divides z, or p divides x — 1.
Lemma 3.5. There holds that x =y = z (mod p).

Proof. We first show that every plane contains exterior lines. Assume that a z-
plane m would contain no exterior lines. It then follows that I induces in 7 either
a line, a Baer subgeometry or a unital (see Chapter 12 of [12]) yielding a > p™/2,
a contradiction. Now let L be an exterior line to I, and suppose that there are ¢

z-planes containing L. We obtain
d(l4za)+(g+1-90)(1+ya)=1+za

which yields
oy +p" Ty =

Hence z = y (mod p). As z —y = p*, with k& > 0 the result follows. [

Notice that since there are z-planes and each z-plane must contain at least one
exterior line, § # 0. The fact that ¢ # 0 will be of use later on.
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3.1 The case pdivides «

We write = ap and substitute this in equation (4).

Lemma 3.6. There holds that p*™~2~1 divides a.

Proof. This follows from equation (4) with direct Maple calculation and a congru-
ence argument. [ ]

As an immediate consequence we can write from now on x = bp?™~%. We will
now turn to the analysis of equation (3) which will allow us to exclude the case p
divides x.

Theorem 3.7. The case p divides x cannot occur.

Proof. Write y and z in p-ary representation, starting with the lowest order term:
y=ysp’ +--- and z = zp' + - -+ with y; # 0 (because of Theorem 3.2) and 2, # 0.
After division by ¢ — 1 equation (3) becomes

P —z(qly+z—1D4+y+2)+y2(®+q¢+1)=0 (5)

Am—4i

with ¢ = p™. Because of the previous lemma p divides 22, the terms of lowest

degree in z(q(y +2z — 1)+ y + 2) are

2m—2i+f

byfp 2m—2i+l1

and bzp

while the term of lowest degree in yz(¢*> + ¢+ 1) is

— fHl
yfzzpf+

where 70 denotes multiplication of v and v modulo p. Clearly f +1 < 4m — 41, as |
and m are at most m (y and z are a number of lines through a point in a plane) and
i < m/2. Furthermore 2m — 2i + f < f 4 would imply [ > m + 1, a contradiction.
In an analogous way 2m —2i+1 < f+1[ cannot occur. Hence if we consider equation
(5) modulo p/ ™! we obtain that 77z = 0, the final contradiction. [
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3.2 Thecase pdivides z — 1
The basic ideas for handling this case are the same as in the previous subsection, but
it will turn out that there are more subcases to deal with. We will write z = ap+ 1.

Lemma 3.8. There holds that p™~ ! divides a.

Proof. This follows from equation (4) using direct Maple calculation and a congru-
ence argument. [ ]

From now on we write x = bp™ " + 1.

Lemma 3.9. There holds that b = cp 4+ 1 with ¢ € N\ {0}.

Proof. The fact that b = ¢p + 1, with ¢ € N, follows once again from equation
(4) using direct Maple calculation and congruence arguments. If ¢ = 0 we find
x < 14 p™, a contradiction as any non-trivial two-weight set in A must contain at
least 2 4+ p™ points, i.e. |L] =z > 24 p™. n

We obtain x = 1 + p™ ¢ 4 ¢p™~HL,
Lemma 3.10. There holds that p*=* divides c.

Proof. The lemma follows from equation (4) using direct Maple computation and
an easy congruence argument. [

There follows that z = 1+ p™~* + dp™ with d € N\ {0}. The final step in our
analysis of equation (2) yields the following lemma.

Lemma 3.11. If p # 2, then d =2 (mod p). If p =2, then d is even; furthermore
in this case there holds that if 27, with f > 1 divides d, and k > 1, theni = (m—1)/2.

Proof. Also this lemma can be obtained starting from equation (4) with a Maple
computation and a carefully carried out congruence analysis. [ |

Lemma 3.12. The case y = 1 cannot occur.

Proof. Suppose that y = 1. Then the set £ in A must either be a line, a Baer-
subplane or a unital [12]. As z = p™ + 1 is impossible by Theorem 3.3 £ cannot
be a line. If £ is a Baer-subplane, respectively a unital, there follows that x =
1 4 p™? + p™, respectively 1+ p**/2, both in contradiction with the derived form
of x. [

Lemma 3.13. There holds that p* divides y — 1.

Proof. First notice that, since y, z < p™, there holds that k& < m. Using the equation
obtained in the proof of Lemma 3.5 and the form of x we find

op 4+ (y— 1) +p™ + (y — p™ = dp™

with & the number of z-planes through an exterior line of K. The lemma follows
immediately. [ |
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There are three possibilities for y and z:

(I) y=1+up' and z = 1 + p* + up!, with v € N, u not divisible by p and [ > k
(notice that [ < m);

(I1) y = 1+ ypp® +up®*t and 2 = 1+ (1 + yp)p* + uph*l, with 0 < yp < p—1 and
u € N (notice that p # 2 in this case);

(III) y =1 — p* + up' and 2z = 1 + up', with u € N, u not divisible by p and [ > k.
Lemma 3.14. There holds that k < m — 1.

Proof. Consider a tangent line L to I and let 5 be the number of y-planes through
L. We find

By+ " +1-PB)z=x

which yields '
—Bp* 4+ 2p™ + (2 — 1) =p" " + dp™.

Since p* divides z — 1, we see that k < m — i. [ |

Lemma 3.15. The following cases cannot occur: | < m —i in (I), k < m —1i in
(IT) and Il < m — i in (III).

Proof. The result follows by direct Maple computation and a congruence argument.m

Lemma 3.16. In case (I) [ > m — i cannot occur.

Proof. This follows by direct Maple computation. [ |

Lemma 3.17. Case (I) cannot occur.

Proof. We are left with showing that also [ = m — ¢ is impossible in this case, so
assume the contrary. By Maple computation and an easy congruence argument we
obtain that u = 1. Equation (5) becomes, modulo p?™:

m+k _ 2m—i _ 0

—dp p

implying that p™~*=% > 1 divides d, which in view of Lemma 3.11 yields that p = 2.
Now first suppose that k& = 1. It follows that the number of (« 4 1)-secants (with
respect to K) in a y-plane equals

(1+p" +p™)(1+pm)
1+ p

from which we deduce that 1 4 p’ divides 1 + p™~*. If we now count the number of
(v + 1)-secants in a z-plane we find
Q+p +p +p™) A +p+p™7)
1+ pt

which implies (using the fact that 1+ p’ divides 1 + p™~¢ and rewriting p + p™ " as
p—1+1+p™ ") that 1+ p’ divides p — 1, clearly a contradiction. Now suppose
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that £ > 1 with m —i—k # 1. From Lemma 3.11 it follows that i = (m —1)/2, and
hence the number of intersecting lines (with respect to K) in a y-plane can never be
an integer, a contradiction. Finally suppose that £ > 1 with m —i —k = 1. Here as
well, 1+ p* divides 1 + p™~* and since the number of intersecting lines in a z-plane
must be an integer we find that 1 + p® divides p*** + p™ = p™*k(1 + p) and hence
1+p' divides 1+p, i.e. i = 1 and hence k = m—2. Equation (5) becomes 22"d* — 5
22m=2(2m 4 1)d+ 2?1 (35222 +2m+1 1+ 1) = 0. As this equation must have at least
one integer solution in d it follows that the square root of its discriminant D must
be an integer. We obtain D = 24m=4(22m — 745 2m*+1 _7) and hence 2?™ — 7% 2™+ 7
has an integer square root. Rewriting this we see that (2 — 7)? — 56 is a® for some
a € N with a + 3 = 2™ — 7. There follows that a = %. We find that § must
divide 56 and must be even, so § € {2,4,8,14,28, -2, —4 -8 —14, —28}. We now
easily see that § =4, a = 5 and m = 4 is the only solution. The unique solution for
equation (5) is then given by z = 169, y = 9, z = 13 and ¢ = 16. As we supposed
that K yields a semipartial geometry these values should also satisfy equation (1).
Plugging in these values in this equation we obtain the final contradiction (another
way to obtain a contradiction here is to check that p ¢ N). [

Lemma 3.18. Case (II) cannot occur.

Proof. We are left with showing that also k& = m — ¢ is impossible in this case, so
assume the contrary. By direct Maple computation and a congruence argument we
obtain v = 0. We count the number of intersecting lines (with respect to ) in a
y-plane:
(L+p" +p™) (1 +pm7)
14 p

which implies that 1+ p’ divides 1 +p™ *. Now we count the number of intersecting
lines in a z-plane:

(14 p' +2p™)(1 + 2p™ )

1+ p
from which we deduce (using the fact that 1+ p’ divides 1+p™~*) that 1+ p* divides
2p*™~* and hence that 2/(1 + p') € N, a contradiction. ]

Lemma 3.19. In case (III) [ > m — i cannot occur.
Proof. Suppose [ > m —i. Since equation (5) becomes
pmfiJrk +p2m72z’ + O<p2mf2i+1) =0

we see that k = m—i and p = 2. Relying on direct Maple computations and the fact
that d is even, we can now obtain a contradiction using some congruence arguments.
[

Lemma 3.20. Case (III) cannot occur.

Proof. This lemma is proved analoguosly as Lemma 3.17. ]
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4 Summary

Theorem 4.1. If IC is a non-trivial set of points in PG(3,q) such that T (K) is
an spg(q — 1, || — 1, , ), then either o = 1 and K is an ovoid or q is a square,
a = ./q and K is the point set of a Baer-subgeometry.

Proof. Let ¢ = p™. If @ = 1 or a@ > p"™/? Theorems 1.1 and 2.6 imply the result,
so suppose that 1 < o < p"/2. In Lemma 3.4 it was shown that if z is the number
of secant lines through a point of K, then either p divides z or x — 1. If p would
divide z, then Theorem 3.7 implies that such K cannot exist. If p would divide x —1
then Lemmas 3.12, 3.17, 3.18 and 3.20 yield that such K cannot exist. Hence there
follows that necessarily a = 1 or a > p™/2. The theorem is proved. [ |

For constructions and the embedding of the semipartial geometry TQ(4, q) we
refer the reader to [9, 13]. This semipartial geometry is due to R. Metz (private
communication).

Theorem 4.2. If S is a semipartial geometry with o > 1, embedded in AG(4,q),
then either S = TQ(4,q), with ¢ = 2", or S = T3 (B).

Proof. By Corrolary 3.7 of [8] and Corrolary 3.3 of [11] we know that such a semipar-
tial geometry is either TQ(4,2") or a linear representation. The result now follows
immediately from the previous theorem. [

Remark. If S is a partial quadrangle embedded in AG(4, q), and is of type T5(K),
then S = T3(0O), with O an ovoid in the hyperplane I, at infinity (see Theorem
1.1).

5 Someremarks onthecasen > 3

The objective of this final section is to prove that the conclusions of Lemmas 3.4,
3.6, 3.8, 3.9, 3.10 and 3.11 remain valid in the higher dimensional case. We use the
same notations as before and we suppose that n > 4.

Theorem 5.1. There holds that either p*™=% divides x or that x = 1+ p™ " + dp™
with d € N\ {0}. In the latter case d =2 (mod p) if p # 2 and d is even if p = 2;
furthermore if 4 divides d and k > 1 then i = (m —1)/2.

Proof. This follows easily from equation (2). Since U, — U = 0 (mod p*'™) we
immediately see that the conclusions and proofs of Lemmas 3.4, 3.6, 3.8, 3.9, 3.10
remain valid in the higher dimensional case. In order to see that Lemma 3.11 remains
valid it suffices to notice that if p = 2 there holds that U, — U = 0 (mod p*™*1),
and so also that proof can be copied. [ |

Conjecture. If S is a semipartial geometry with a > 1, with the property that
S is the linear representation of a non-trivial point set in PG(n,q), n > 4, then

S = T(B).

Although the techniques applied to proof this conjecture for n = 3 seem suitable
to attack the general case, the main problems when trying to do so arise from the
fact that k can be larger than m if n > 4.



Linear representations of semipartial geometries 779

References

[1] R. C. Bose, Strongly regular graphs, partial geometries and partially balanced
designs, Pacific J. Math. 13, 389-419, 1963.

[2] A. R. Calderbank, On uniformly packed [n,n — k, 4] codes over GF(q) and a
class of caps in PG(k — 1,q), J. London Math. Soc. 26, 365-384, 1982.

[3] A. R. Calderbank and W. M. Kantor, The geometry of two-weight codes, Bull.
London Math. Soc. 18, 97-122, 1986.

[4] P. J. Cameron, Partial quadrangles, Quart. J. Math. Oxford Ser. (2) 26, 61-73,
1975.

[5] I. Debroey and J. A. Thas, On semipartial geometries, J. Combin. Theory Ser.
A 25, 195-207, 1978.

[6] 1. Debroey and J. A. Thas, Semipartial geometries in AG(2,q) and AG(3,q),
Simon Stevin 51, 195-209, 1978.

[7] F. De Clerck, Partial and semipartial geometries, an update, Discrete Math.
267, 75-86, 2003.

[8] F. De Clerck and M. Delanote, On (0, a)-geometries and dual semipartial ge-
ometries fully embedded in an affine space, Des. Codes and Cryptogr., 32,
103-110, 2004.

9] F. De Clerck and H. Van Maldeghem, Some classes of rank 2 geometries, In
F. Buekenhout, editor, Handbook of Incidence Geometry, Buildings and Foun-
dations, chapter 10, 433-475, North-Holland, Amsterdam, 1995.

[10] P. Delsarte, Weights of linear codes and strongly regular normed spaces, Dis-
crete Math. 3, 47-64, 1972.

[11] N. De Feyter, The embedding of (0,2)-geometries and semipartial geometries
in AG(n,q), Adv. Geom. 5, 279-292, 2005.

[12] J. W. P. Hirschfeld, Projective geometries over finite fields. Second edition.,
Oxford Mathematical Monographs. The Clarendon Press, Oxford University
Press, New York, 1998. xiv+555 pp.

[13] J. W. P. Hirschfeld and J. A. Thas, General Galois Geometries, Oxford Uni-
versity Press, Oxford, 1991, 407 pp.

[14] G. Tallini, Problemi e risultati sulle geometrie di Galois, Relazoni N. 30, Insti-
tuto di Matematica dell’Universita di Napoli.

[15] M. Tallini Scafati, (k, n)-archi di un piano grafico finito, con particolare riguardo
a quelli con due caratteri, Note I, II, Atti Accad. Naz. Lincei, Mem. Cl. Sc. Fis.
Mat. Nat. 40, 812-818, 1020-1025, 1966.

[16] J. A. Thas, Construction of partial geometries, Simon Stevin 46, 95-98, 1973.



780 S. De Winter

[17] J. A. Thas, A combinatorial problem, Geometriae Dedicata 1, 236-240, 1973.

[18] N. Tzanakis and J. Wolfskill, The diophantine equation x> = 4¢%? + 4q + 1
with an application to coding theory, J. Number Theory 26, 96-116, 1987.

[19] J. Ueberberg, On regular {v, n}-arcs in finite projective spaces, J. Combin. Des.
1, 395-409, 1993.

Ghent University, Department of Pure Mathematics
and Computer Algebra, Galglaan 2, 9000 Gent, Belgium
e-mail: sgdwinte@cage.UGent.be



