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Abstract

Let U be a known unital of PG(2,4?), ¢ odd, and let N be a t-nest in a
regular spread S. Suppose we replace N by a replacement set N to form
the new spread &' = (S\N)UN). Using the Bruck-Bose correspondence,
we look at the affine points of U in P(S) & PG(2, ¢?) and see whether the
corresponding affine point set in the new plane P(S’) can be completed
to a unital.

1 Introduction

We wish to investigate the effect that ¢-nest replacement has on unitals of the De-
sarguesian plane PG(2, ¢?) where ¢ is odd. Let P(S) = PG(2,¢*) be the projective
plane corresponding to a regular spread S via the Bruck-Bose correspondence. Let
U be a known unital in P(S).

In [3], [4], [11], [13], [15], [16] the authors investigate the effect of derivation on
unitals of PG(2,q?) and the structure of the corresponding sets in the Hall plane.
That is, suppose a regulus is replaced in the spread S to form a new spread §’; can
the corresponding affine point-sets of U, in the new plane P(S’), be completed to
unitals? It was shown that in some cases it is possible and in others it is not.

In this paper, we will look at a similar problem. Suppose we replace a t-nest in the
spread S. That is, if we replace the t-nest N to form a new Spread_S’, in the new
plane P(S’) can we complete the corresponding affine point-sets of U to unitals?

By considering the different known unitals of PG(2,¢?), via the Bruck-Bose corre-
spondence, we divide the analysis into different cases. We summarise the findings in
Theorem 4.6. We conclude by remarking on unitals in the new plane P(S’) that are
not inherited from P(S).
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2 Background

A spread of ¥, = PG(3,q) is a collection of ¢ + 1 mutually skew lines which
necessarily partition the points of ¥,,. A regulus of ¥, is a collection R of ¢ + 1
mutually skew lines in ¥, with the property that any line meeting three lines of R
necessarily meets all lines of R. The transversals to a regulus R form another regulus
R/, called the opposite regulus to R, where R’ covers the same set of points as R.
Any three mutually skew lines of ¥, uniquely determine a regulus containing them,
and a spread of X, is called regular if the regulus determined by any three of its
lines is completely contained in the spread.

We will use the Bruck-Bose representation of a translation plane P of order ¢?, with
dimension at most 2 over its kernel, in PG(4, q). Let X, be a hyperplane of PG(4, q)
and let S be a spread of ¥,,. We define a new incidence structure A(S) as follows:
the points of A(S) are the points of PG(4, ¢)\Xw, the lines of A(S) are the planes of
PG(4, q) that meet X, in a line of S and incidence is the natural inclusion. From [7]
or [1], it is known that A(S) is an affine translation plane of order ¢°>. We complete
A(S) to a projective plane P(S) of order ¢2 by letting the points of the line at infinity
I of P(S) be the lines of the spread S. The translation plane P(S) is Desarguesian
if and only if S is regular [8].

A unital in a projective plane P of order ¢ is a set U of ¢* 4+ 1 points such that
every line of the plane meets U in 1 or ¢ + 1 points. A line of P is a tangent line
or a secant line of U if it contains 1 or ¢ 4+ 1 points of U respectively. Each point
of U lies on 1 tangent and ¢* secant lines of U. Each point of P not in U lies on
¢+ 1 tangent lines and ¢ — ¢ secant lines of U. A known unital in PG(2, ¢%) is the
classical unital, which consists of the absolute points and non-absolute lines of a
unitary polarity. See [6] for more information about unitals.

Let S be a regular spread of ¥, and let S correspond to the line at infinity [, of
P(S) = PG(2,¢%). Let U be a classical unital in PG(2,¢?). In [9], it was shown
that if U is secant to I, then U corresponds to a non-singular quadric of PG(4,q)
that meets ¥, in a regulus of the spread S. It was also shown that if the classical
unital U is tangent to [ at the point P then U corresponds to an elliptic cone in
PG (4, q) that meets X, in the corresponding line ps, of the spread S.

Let S be a spread of Y., not necessarily regular. Let I/ be an ovoidal cone of
PG(4,q) that meets ¥, in the line py, of S. The vertex of I is a point V which is
necessarily on the line po.. In [9] it was shown that ¢ corresponds to a unital in P(S)
which is tangent to [, at the point P, which corresponds to the line p, of S. Also,
as shown in [9], if i/ is a non-singular quadric in PG (4, q) that meets ¥, in a regulus
of the spread S, then U corresponds to a unital of P(S) which is secant to l,. We
call a unital of P(S) that corresponds to a non-singular quadric in PG(4, ¢), a non-
singular-Buekenhout unital. A unital of P(S) that corresponds to an ovoidal cone
in PG(4, q) we call an ovoidal-Buekenhout-Metz unital. In [5] it was shown that
in PG(2,¢?) every non-singular-Buekenhout unital is classical. In [9] and [14] it was
shown that there exist ovoidal-Buekenhout-Metz unitals of PG(2,¢?) that are not
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classical. All known unitals in PG(2, ¢?) are either non-singular-Buekenhout unitals
or ovoidal-Buekenhout-Metz unitals [6].

We can use the Bruck-Bose setting to form new translation planes from existing
translation planes using the technique of net replacement. The method of net re-
placement, in a spread S, is to replace some subset of the lines of S, say V, by
another set V' of mutually skew lines in 3., which cover exactly the same points as
V. As long as the resulting spread S’ = (S\V) U V' is not regular, we have con-
structed a non-Desarguesian translation plane P(S') of order ¢* with kernel GF(q).
One example of net replacement is derivation, where V is a regulus in the spread
and V' is the opposite regulus to V.

3 t-nest replacement

In [2], a potential form of net replacement is defined, that is, nest replacement. Let
S be a regular spread, so P(S) & PG(2,¢%), and let ¢ be odd. A nest of reguli in
the spread S, is defined to be a set IV of reguli contained in S such that every line of
S is contained in precisely 0 or 2 reguli of N. If N contains ¢ reguli then N is called
a t-nest. For the existence of t-nests and a survey of various results, see [12]. It is
known that ¢-nests exist for % <t <2(¢g—1) and that no other size is possible.

Denote the reguli of a t-nest N by Ry,..., R;. A t-nest N contains t% lines of the
spread S and we call these lines, the lines of N. The points in P(S) that correspond
to the lines of NV will be denoted by Py.

Let N = {Ry,..., R} be a t-nest. Then N is called a half-regulus replaceable
t-nest, if for each regulus R;, a set R; of % lines from the opposite regulus R, can
be chosen such that the lines of R}- are disjoint from the lines of R; where i # j. The
line-sets R; will be referred to as half-reguli.

Let N be a half-regulus replaceable t-nest. The corresponding set, N = {él, e }%t}
of half-reguli, is such that the lines of Ry, ..., R, are pairwise disjoint and cover the
same points as the lines of Ry,...,R,. Thus N is a replacement set for N. It is
known, [17], that for ¢ < ¢, all t-nests which have a replacement set are half-regulus
replaceable and N, as described above, is the only possible replacement set.

We will need the following lemma which describes how a regulus of the spread &

meets the lines of a nest.

Lemma 3.1 A regulus R in the regular spread S meets a t-nest N of S in at most
t lines of N or in q+ 1 lines of N.



118 S.G. BARWICK AND D.J. MARSHALL

Proof If R € N, then R meets the lines of N in ¢ + 1 lines.

So suppose that R ¢ N. Let N = {Ry,Ry,...,R;}. We wish to compute the
maximum number of lines in the intersection of R and N.

The process begins as follows, suppose N and R share at least one line [. Then [ is
covered by two reguli of N, say R; and Ry. The regulus R can share at most two
lines with any regulus of N otherwise R € N. Hence R; can contain at most one
further line of R, similarly Ry can contain at most one further line of R. Thus there
are four cases:

Case 1: Suppose Ry meets R in two lines I,m and Ry meets R in two lines I,n
(m # n). Here there exists a regulus of N, say Rs, that covers m since the reguli of
N doubly cover m. From here we have two possibilities:

Either, R3 also covers n and then there are no more lines of R contained in Ry, Ry
or R3. In that case we have doubly covered three lines in R. We have ¢t — 3 further
reguli Ry, ... R; of N and need to consider whether these meet R. This will be called
the maximal case, when the number of reguli of N used is the same as the number
of lines of R used. Any case, where we have considered more reguli of N than lines
of R, will not give us a maximal intersection between R and the lines of N. We
may now start the process again, from the beginning of the proof, using the reguli
Ry, ..., Ry.

Otherwise, there is a another regulus of N, say R4, that covers n. From here, we
have four possibilities,

Case 1a: Rz and R4 do not contain any more lines of the intersection of R and N.

This case is not maximal, as we have — e R, Ry
considered four reguli Ry, Rs, R3, Ry of ————————— m€ER,R;
N but only three lines I, m,n of R. —— n€ Ry Ry

Case 1b: Rs and Ry both share one further line p € R.

Then we have no more reguli of NV shar-

ing lines of R with Ry, Ry, R3 and Ry, 1€ R, R,

hence we have t—4 reguli of N remaining m € Ry, R
and have considered four lines [, m,n,p ’

of R. So we may start the entire process n € Iy, Ry
again, from the beginning of the proof, pE€ R3, Ry

using the reguli Rs, ..., R;.

Case 1c: One of Ry and Ry, say Rs has another line p in common with R but p ¢ Ry.
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In this case the line p needs to be doubly 1€ Ry Ry
covered by reguli of N, so let p also be . R7 R
a line of Ry, say. If Ry shares no further b

line with R, then we have considered five n € Ry, Iy
reguli to cover four lines of intersection, ————— PpER;
which gives us a non-maximal case. So —— I € Rs, Ry
assume Rj shares a further line with R,
say [5. We can continue this case, each

Vs ' li € R, Riya

time covering the new line [; shared be-
tween some R; of N and R with a new
regulus R;.1 of NV until we consider all _ L E€R_1, R
the lines of R or all the reguli of N. In

the former case, we have ¢ + 1 lines of

intersection. In the latter case, when ¢ = ¢t — 1, we have only one more regulus R;
of N left and R; must doubly cover the extra line shared between R; ; and R. The
regulus R; can not share any more lines with R, otherwise we would not be able to
doubly cover this extra line, hence we have considered ¢ reguli but only have t — 1
lines of intersection. Again, this is a non-maximal case.

Case 1d: Rz has a line p in common with R and Ry has a line g in common with R,
but p ¢ Ry and q ¢ Rs.

In this case, we can repeat the process

as in Case 1 with two new reguli Rs and q € Ry

Rg. It is possible to continue with this — leR, Ry
case considering R; and R;,; each hav- ———————— m€R,R3
ing distinct lines in common with R. We - nE€Ry,R
finish when either we run out of reguli in pE Ry

N or we reach a point when there is only

one remaining regulus of N. In the former case we have considered more reguli of
N than lines of R, hence we have a non-maximal case. In the latter case, the final
regulus R; of N must complete the double covering of the last two reguli R;_» and
R,_; as in Case 1b.

Case 2: Ry and Ry both meet R in the same two lines [, m.

Here R; and Ry can contain no more lines of R. So we have two lines R and a further
t —2 reguli of NV left to consider. Since we have considered the same number of reguli
of N as lines of R, we can start the process again, from the beginning of the proof,
with the reguli Rs, ..., R;.

Case 3: Ry and Ry only meet R in the same unique line [.

Here we have considered one line of R and have ¢ — 2 reguli of N left to consider.
This case is not maximal, since we have considered more reguli of N than lines of R.

Case 4: Only one of Ry and Ry meets R in a second line m.

We are again in a non-maximal case.

We repeat the above process, assuming R and N share additional lines in common
until we have considered all the reguli of NV or exhausted all the lines of R. At this
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point we reach the maximum number of shared lines between R and N. So, from
above, the maximal case is that we use one reguli of IV for each line of intersection
between R and N. So R contains at most ¢ lines from the reguli of N.

If t > ¢+ 1, then we can only have a maximum of ¢ + 1 lines shared between R and
the reguli of V. O

4 Unitals after t-nest replacement

We wish to see what happens to the known unitals in P(S) & PG(2,¢?) after we
perform a t-nest replacement. Given a unital U in P(S), does the corresponding
affine point set in the new plane P(S’) complete to a unital or not?

We work in the Bruck-Bose correspondence of PG(2,¢?) in PG(4, q), where ¢ is odd.
So PG(2,¢%) = P(S) where S is a regular spread of ¥,. Let I, be the line at infinity
in P(S). Suppose the spread S contains a half-regulus replaceable t-nest N. When
we replace N with N we form the new spread S’ = (S\N) U N which corresponds
to the plane P(S’). Let I, be the line at infinity in P(S’). We denote the reguli of
N by Ry, ..., R, and the corresponding half-reguli of N by Ry, ..., R;.

Denote our unital in P(S) by U and the corresponding point-set in PG(4,q) by U.
Denote the affine point-set of U in P(S) by U and let U be the corresponding affine
point-set in the Bruck-Bose representation of PG(2, ¢?) in PG(4, q). Let U’ represent
the affine point set in P(S’) that corresponds to U.

We first consider those unitals that correspond to a non-singular quadric in the
Bruck-Bose representation of PG(2,¢?) in PG(4,q). We then consider those unitals

that correspond to an ovoidal cone in the Bruck-Bose representation in PG(4, q).

Non-singular-Buekenhout unitals

Let U be a non-singular-Buekenhout unital in PG(2,¢%). That is, U is secant to
loo and corresponds to a non-singular quadric ¢ in the Bruck-Bose representation in
PG(4, q) such that U meets ¥, in a regulus of the spread S.

Let R be the regulus of S that is contained in /. We need to consider three different
cases, depending on how the lines of R meet the lines of the reguli of N. The
possibilities are: R is a regulus of N, R shares lines with the lines of N but is not a
regulus of N or R shares no lines with the lines of N.

Lemma 4.1 IfU meets S in a requlus of N, then the point set U’ in P(S’) can not
be completed to a unital in P(S’).
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Proof Suppose I meets S in the regulus R; of N. Consider, N = {Rh s f?t}7 the
replacement set of opposite half-reguli to N = {Rl, ..., R;}. The quadric U contains
the ﬂ lines of R,. Every line of a half-regulus R;, where R; shares a line with Ry,

1ntersects U in either one or two points.

Let m be a line of R,. Let P be a point of 4. Now, the plane (P,m) meets U in
the ¢ + 1 points of m and the point P. A plane in PG(4,q) intersects a quadric in
1,q+ 1 or 2¢ + 1 points. Hence (P, m) meets I in 2¢ + 1 points. So (P, m) meets U
in ¢ points, since we remove the points of m when looking at the affine part of .

Suppose we replace the nest N with N to form the new spread §’. The plane (P, m)
corresponds to a line mp in P(S’) and the line mp is a g-secant of U’. Now, every
line of P(&’) intersects a unital in 1 or ¢+ 1 points. Hence, to complete U’ to a unital
of P(S’), we need to add the point of infinity mp NI, to U’. This point corresponds
to the line [ in the spread. Hence, for each line m, there is a corresponding point
of I/ that we need to add to U’. There are % lines in R, so we need to add ‘1;'—1
points of I to U'.

Now, suppose R, shares lines with & other reguli of N, say {R1, ..., Rr}. Let P be a
point of U. Let I be a line of some R;, i € 1,...,k, so L is a line in an opposite half-
regulus to a regulus of N that shares lines with R;. Denote the particular half-regulus
to which [ belongs by Ry. The line [ intersects I in one or two points according to
whether R, intersects one or two lines of R;. Thus the plane (P,l) meets I in at
least two points, P and [ N .

We note again that, in PG(4, q), a plane meets a quadric in 1,¢+ 1 or 2¢+ 1 points.
Here, (P, 1) contains at least two points of I, hence (P, ) meets I/ in either ¢+ 1 or
2¢ + 1 points.

So suppose |(P,1)NU| = 2q+1. Then (P, 1) meets U in 2q or 2¢— 1 points depending
on whether [ intersects R; in one or two points. If we replace the nest N, then (P, )
corresponds to a line {p of P(S’) which is either a (2¢)- or (2¢ — 1)-secant of U’. This
means U’ cannot be completed to a unital in P(S’) as a unital must have every line
of P(S') intersecting it in 1 or ¢ 4 1 points.

Now, suppose |(P,1)NU| = q+1 and [ intersects R, in two points. We then have that
(P,l) meets U in ¢ — 1 points. If we replace the nest N, the plane (P,[) corresponds
to a line [p of P(S’) that is a (¢ — 1)-secant of U’. Adding the point I, NI, to U’
does not give us the required (¢ + 1)-secant. Hence U’ can not be completed to a

unital in P(S’).

Suppose then that |(P,l) N"U| = ¢ + 1 and [ intersects R, in one point. We also
assume that this is the case for every | € R;,i = 1,..., k, since we have considered
the other possible cases above. That is, every regulus of N that contains a line of Ry,
contains exactly one line of ;. So there are ¢+ 1 reguli of N, say Ry, ..., R,y that
share one line with R;. The line [ belongs to one of the corresponding half-reguli
Ri,... RqH

Now, the plane (P,l) meets U in ¢ points. If we replace the nest N then this plane
corresponds to a line Ip in P(S’) which is a g-secant of U’. For U’ to be completed



122 S.G. BARWICK AND D.J. MARSHALL

to a unital in P(S’), the line Ip needs to be completed to a (¢ + 1)-secant. To do
this, we must add the point of infinity [, NI, to U’ and this point corresponds to
the line [ in the spread. This will be the case for every such [ € Ry, . .. ,R(frl- Now,
there are ¢+1 half-reguli Ry, . . ., Rq+1 whose lines intersect lines of R;. Each of these
half-reguli contains q;—l lines. Hence we must add (q + 1)% points of I to U’ to

try to complete it to a unital.

From above, we know we have already added at least ‘IH points of I/, hence we
must add a total of 2L + (¢ + 1)22 points. This means l’ isa (2L + (q +1)Lh)-

secant. Since E (q + 1)ﬂ is greater than ¢ + 1, the line I/_ is not a tangent or
a(qg+ 1)-secant to U’. Hence, the point-set U’ can not be completed to a unital of
P(S). d

Lemma 4.2 If U meets S in a requlus R that is not a requlus of N but R contains
at least one line of N, then the point set U’ can not be completed to a unital after
nest replacement.

Proof We know from Lemma 3.1 that, if R contains at least one line of N, then R
contains at most ¢ lines of N or ¢+ 1 lines of .

Suppose R contains exactly one line ny from the reguli of N. Let R; and R, be the
two reguli of N that doubly cover ny. Let Ry and Ry be the corresponding opposite
half-reguli in N to R; and R,. Now, n; intersects q+ lines of Rl and Q+ lines of Rg
So U meets the new spread S’ in 2.‘1;1 lines plus the q lines of R\nq, Wthh are not
in N. This gives a total of 2¢ 4 1 lines of &’ that & meets. Using a similar argument
to the proof of Lemma 4.1, we show that we have to add too many points of I, to
U’ and hence U’ can not be completed to a unital in P(S’).

Suppose U contains exactly r lines of N, where 1 < r < ¢ 4+ 1. Then by a similar
argument to that above, we show that I meets at least [£](q + 1) lines of N and
(¢+1) — r lines of S\N. Hence, by an argument similar to the proof of Lemma 4.1,
we have that U’ can not be completed to a unital in P(S’). O

Lemma 4.3 IfU meets S in a requlus R and R contains no lines of N, then U’ can
be completed to a unital in P(S').

Proof Let Py denote the set of points in P(S) that correspond to the lines of N.
The lines of R, in the spread S, correspond to the points U NI, in P(S). Since R
contains no lines of N, in P(S) the points U N I, are disjoint from the points Py.
If we replace the t-nest N, then the ¢ + 1 points of U N I remain unchanged as
g+ 1 points of I in P(S’). In P(S’) we denote U’ together with these ¢ + 1 points
as the set U’. We denote the corresponding set in PG(4, q), under the Bruck-Bose
representation, as u.

We want to show that U’ is a unital of P(S'). So we want to show that every line
of P(8') meets U’ in either 1 or ¢ + 1 points. The line I, meets U’ in ¢ + 1 points
since [, meets U in ¢ + 1 points.
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Let [ be a line of P(S') that meets [ in the point P. The point P corresponds to a
line p of S. If p is not a line of N, then the points of [ lie on a line of E(S ) and so [
contains 1 or ¢ + 1 points of U. Hence [ contains 1 or ¢ + 1 points of U’.

Suppose P does correspond to some line p of N, then P ¢ U’ since U N Py is
empty. Now, using the Bruck-Bose correspondence, let o be the plane of PG(4,q)
corresponding to the line I, so @ N Yo, = p. Now a meets I/ in either a point, a line,
a conic or two lines.

Suppose aeNU’ contains a line l,. Since « is a plane through p, I, meets p in a point.
This implies p N U’ is not empty. In P(S’), this corresponds to P being a point of
U7, which is a contradiction. Hence o meets U’ in either a point or a conic and thus,
in ’P(S ), I meets U’ in 1 or ¢ + 1 points. Hence U’ is a unital of P(S"). O

Buekenhout-Metz unitals

Let U be an ovoidal-Buekenhout-Metz unital of PG(2,q¢%). That is, U is tangent
to I and corresponds to an ovoidal cone U in the Bruck-Bose representation in
PG(4, q) such that U meets X, in exactly one line p,, of the spread S.

There are two possibilities for p,.. One case is that the line p,, is one of the lines
of N, s0 ps is contained in two reguli of N. The second case is that p., is disjoint
from the lines of N.

Lemma 4.4 IfU meets S in one line po and p is a line of N, then U’ can not be
completed to a unital of P(S’).

Proof As p. is a line of N, it is contained in two reguli of N, say Ry and Rs. Let
Ry and R, be the opposite half-reguli in N corresponding to Ry and R, respectively.
Let [ be a line of either R1 or Rg. The line [ meets p,, in one point. Let P be a point
of U. In PG(4,q) a plane meets an ovoidal cone in 1,q + 1 or 2¢ + 1 points. Here,
the plane (P,1) meets I/ in at least two points, hence it meets I/ in ¢ + 1 or 2¢ + 1
points.

If (P,I) meets I in 2¢ + 1 points, then (P,[) meets I in 2¢ points. If we replace the
nest N, then the plane (P, ) corresponds to a line [, of P(S’) which is a (2¢)-secant
to U'. So U’ can not be completed to a unital in P(S’) as every line of P(S) must
intersect it in 1 or ¢ + 1 points.

Now, suppose (P,[) meets I in ¢ + 1 points, then (P,I) meets U in ¢ points. If we
replace the nest N, then (P,) corresponds to a line [p that is a g-secant of U’. Each
line of P(S’) intersects a unital in either 1 or ¢ + 1 points. Hence, if we wish to
complete U’ to a unital of P(S’), we need to add the point I, NI, to U’. This points
corresponds to the line [ of the spread S.

There are % 2 ! lines in both R and Bg7 so there are g+ 1 different ch01ces for . Hence
we need to add ¢+ 1 points of I/ to U’. The affine set U’ contains ¢* points plus the
extra ¢ + 1 points from I which gives us ¢® + ¢+ 1 points. A unital has only ¢3+ 1
points, hence we can not complete U’ to a unital in P(S’). O
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Lemma 4.5 IfU meets S in one line pos and pog is not a line of N, then U’ can be
completed to a unital in P(S").

Proof This proof is similar to the proof given in Lemma 4.3. ]

In summary, we have shown the following:

Theorem 4.6 Let U be a unital of PG(2,q¢?), where q is odd. Let S be a reqular
spread corresponding to PG(2,q?) = P(S) via the Bruck-Bose representation. Let
N be a half-regulus replaceable t-nest in S. Let Py be the point set on lw in P(S)
corresponding to the lines of N. Suppose we replace the t-nest N by N to form the
new spread &' = (S\N)U N. Let U’ be the points of P(S') corresponding to the
affine points of U. Then we have,

1. If U is a non-singular-Buekenhout unital of PG(2,q?), then

(a) if 1 < |UN Py| < g+ 1, then the point-set U' can not be completed to a
unital in P(S').

(b) if [UNPy| = 0 then the point-set U’ can be completed to a unital in P(S’).
2. If U is an ovoidal-Buekenhout-Metz unital of PG(2,q?), then

(a) if UNly € Py, then the point-set U’ can not be completed to a unital in
P(S).
(b) if UNly & Py then the point-set U' can be completed to a unital in P(S').

5 Conclusions

We have shown that some unitals of P(S) & PG(2,¢%) give rise to unitals of P(S’).
We now consider the known unitals of P(S’) and discuss whether they are inherited
from unitals of P(S).

Using the Bruck-Bose representation, in PG(4, q), through any line [ in the spread
S, we can form ovoidal cones that meet Y, in the line /. In the new spread &’ =
(S\N)UN, any line of N will give rise to ovoidal cones in PG(4, ¢) that do not meet S
in a line of the spread. These cones correspond to ovoidal-Buekenhout-Metz unitals
in the corresponding plane P(S’) that are not inherited from ovoidal-Buekenhout-
Metz unitals in P(S).

The case for non-singular-Buekenhout unitals is more complex. We know that for a
regulus R in the spread S’ there are non-singular quadrics of PG(4, ¢) that intersect
Yoo in the lines of R. We also know that such quadrics correspond to non-singular-
Buekenhout unitals in P(S’), secant to I, via the Bruck-Bose correspondence. So
to examine non-singular-Buekenhout unitals in P(S’) we need to examine the reguli
in the new spread &'
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In [17] there is the following result. Let R be a regulus contained in the spread
§" = (S\N)UN. Then for ¢ > 5, R is not completely contained in N whenever
t < q. Further, R contains no lines of N whenever ¢t < g — 2.

For the case t < ¢ — 2, there are no reguli of & that share lines with N, hence
there are no reguli in &’ that are not in S\N. We know from Theorem 4.6 that
all non-singular-Buekenhout unitals in P(S) that correspond to quadrics that meet
Y in a regulus of the line-set S\N are inherited in P(S’). This means there are
no non-singular-Buekenhout unitals in P(S’) that are not inherited from unitals in
P(S) = PG(2,¢?), since there are no reguli in S’ that are not contained in S\ V.

When t > ¢ — 1, there can exist a regulus R in &’ that is not a regulus of S\N. In
[12], [17] there are examples of t-nests that, when replaced, give rise to such spreads.
We know from Theorem 4.6 that all non-singular-Buekenhout unitals in P(S) that
correspond to quadrics that meet ¥, in a regulus and that share lines with N can not
be completed to unitals in P(S’). Hence there do exist spreads & that correspond
to planes P(S’) which contain non-singular Buekenhout unitals, not inherited from
unitals of PG(2,¢%). Tt is interesting to note that, in [4], it is shown that for the Hall
plane H(q?) of order ¢2, all non-singular-Buekenhout unitals of H(q?) are inherited
from non-singular-Buekenhout unitals in PG(2, ¢?).

References

[1] J. André, Uber nicht-Desarguesche Ebenen mit transitiver Translationsgruppe,
Math. Z. 60 (1954), 156-186.

[2] R.D. Baker and G.L. Ebert, A new class of translation planes, Annals of Disc.
Math. 37 (1988), 7-20.

[3] S.G. Barwick, A class of Buekenhout unitals in the Hall plane, Bull Belg. Math.
Soc. 3 (1996), 113-124.

[4] S.G. Barwick, Unitals in the Hall plane, J. Geom. 58 (1997), 26-42.

[5] S.G. Barwick, A characterization of the classical unital, Geom. Dedicata 52
(1994), 175-180.

[6] S.G. Barwick and G.L. Ebert, Unitals in Projective Planes, Springer, (to ap-
pear).

[7] R.C. Bose and R. H. Bruck, The construction of translation planes from projec-
tive spaces, J. Algebra 1 (1964), 85-102.

[8] R.C. Bose and R. H. Bruck, Linear representations of projective planes in pro-
jective spaces, J. Algebra 4 (1966), 117-172.

[9] F. Buekenhout, Existence of unitals in finite translation planes of order ¢ with
a kernel of order ¢, Geom. Dedicata 5 (1976), 189-194.



126 S.G. BARWICK AND D.J. MARSHALL

[10] P. Dembowski, Finite Geometries, New York: Springer-Verlag (1968).

[11] J.M. Dover, A family of non-Buekenhout unitals in the Hall planes. Mostly
Finite Geometries, ed. N.L. Johnson, Lec. Notes Pure Appl. Math., Vol. 190,
Marcel Dekker, (1997), 197-205.

[12] G.L. Ebert, Replaceable nests, Mostly Finite Geometries, ed. N.L. Johnson,
Lec. Notes Pure Appl. Math., Vol. 190, Marcel Dekker, (1997), 35-49.

[13] K. Griining, A class of unitals of order ¢ which can be embedded in two different
translation planes of order ¢%, J. Geom. 29 (1987), 61-77.

[14] R. Metz, On a class of unitals, Geom. Dedicata 8 (1979), 125-126.
[15] G. Rinaldi, Hyperbolic unitals in the Hall planes, J. Geom. 54 (1995), 148-154.

[16] G. Rinaldi, Constructions of unitals in the Hall Planes, Geom. Dedicata 56
(1995), 249-255.

[17] R.A. Weida, An extension of Bruen chains, Geom. Dedicata 50 (1989), 11-21.

(Received 7 Nov 2007; revised 3 Apr 2008)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENA ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


