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Abstract. An (n,r)-arc is a set of n points of a projective plane such that some r,
but no r + 1 of them, are collinear. The maximum size of an (n,r)-arc in PG(2, q)
is denoted by m.,(2,¢q). Using some good blocking sets in PG(2, 23) we establish
that maoa(2,23) > 484, ma1(2,23) > 461, mao(2,23) > 437, mio(2,23) > 411,
mas(2,23) > 385 and m17(2,23) > 360.

1 Introduction

In this paper we continue our investigations from [3].

Let GF(q) denote the Galois field of ¢ elements and V(3, q) be the vector
space of row vectors of length three with entries in GF(q). Let PG(2, q) be
the corresponding projective plane. The points of PG(2, q) are the non-zero
vectors of V(3, q) with the rule that X = (x1,29,23) and Y = (Ax1, Axe, Ax3)
are the same point, where A € GF(q)\{0}. The number of points of PG(2, q)
is ¢> + g + 1. Subspaces of dimension one are called lines. The number of lines
in PG(2, q) is ¢ + ¢ + 1. There are ¢ + 1 points on every line and ¢ + 1 lines
through every point.

Definition 1.1 An (n,r)-arc is a set of n points of a projective plane such
that some r, but no r+1 of them, are collinear.

Definition 1.2 An (I,t)-blocking set S in PG(2, q) is a set of | points such
that every line of PG(2, q) intersects S in at least t points, and there is a line
intersecting S in exactly t points.

Note that an (n,r)-arc is the complement of a (¢> +¢-+1—n, ¢+ 1 —7)-blocking
set in a projective plane and conversely.

Definition 1.3 Let M be a set of points in any plane. An i-secant is a line
meeting M in exactly i points. Define 1; as the number of i-secants to a set M.
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In terms of 7; the definition of (I, t)-blocking set takes the following form.

Definition 1.4 An (I,t)-blocking set is a set of | points of a projective plane
for which 7; =0 for i<t, >0 and 7, >0 when i>t.

The next two theorems are proved in [1] and [2] respectively.

Theorem 1.1 Let B be an (I,t)-blocking set in PG(2, q) with t < q/2 and
q > 3 is prime. Then
> (2t+1)(¢+1)/2.

Theorem 1.2 Let K be a (k,r)-arc in PG(2, q) withr > (¢+3)/2 and q < 29
1s prime. Then
m(2,q) < (r=1)g+7—(q+3)/2.

2 Blocking sets in PG(2, 23)

The elements of GF(23) will be denoted by 0,1,2,...,9,10 =a, 11 =0, 12 = ¢,
13=d, 14=e,15=f,16 =g, 1T=h, 18 =4, 19 = k, 20 = [, 21 = m, 22 = n.

Theorem 2.1 There ezist a (69,2)-blocking set, a (92,3)-blocking set, a
(116, 4)-blocking set, a (142,5)-blocking set, a (168,6)-blocking set and a (193,7)-
blocking set in PG(2, 23). Therefore,

484 < mgy(2,23) < 492, 461 < may(2,23) < 468,
437 < maoo(2,23) < 444, 411 < mag(2,23) < 420,
385 < mig(2,23) < 396, 360 < mi7(2,23) < 372.

Proof:
1. Every three lines in general position in PG(2, 23) forms a (69, 2)-blocking
set. For example, the following set of points

(0,1,6), (0,1,b), (0,1,h), (1,0,3), (1,0,k), (1,0,0), (1,1,7), (1,1,9
(1, 1,e), (1,2,8), (1,2,f), (1,2,%), (1,3,2), (1,3,6), (1,3,m), (1,4,4
(1,4,h), (1,4,k), (1,5,5), (1,5,a), (1,5,d), (1,6,7), (1,6,9), (1,7,1
(1,7,4), (1,7,n), (1,8,5), (1,8,f), (1,8,4), (1,9,3), (1,9,b), (1,9,c
(1,a,6), (1,a,e), (1,a,h), (1,b,0), (1,b,2), (1,¢,6), (1,¢,d), (1,c,h
(1,d,1), (1,d,b), (1,d,¢), (l,e,5), (l,e,¢), (1,e,4), (1,f,0), (1,f,1
(L, fin), (L,g,7), (L,9:0), (L.9,9), (1,h,a), (1,h,d), (1,h,n), (1,44
(1,4,a), (1,4,k), (L,k,m), (1,k2), (1,1,8), (1,1,9), (L,1,f), (1,m,9
(I,m,e), (1,m,l), (1,n,3), (1,n,8), (1,n,l),
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is a (69, 2)-blocking set in PG(2, 23) with secant distribution
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The complement of this blocking set is a (484, 22)-arc in PG(2, 23).
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T2 = 606,
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forms a (92, 3)-blocking set in PG(2, 23) with secant distribution

4.

The complement of this blocking set is a (461, 21)-arc in PG(2, 23).

T6=1, To4=

T4 = 388, T5 — 37,

T3 = 123,

3. The set of points
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78

forms a (116, 4)-blocking set in PG(2, 23) with secant distribution

T7 = 12, T24 — 5.

6 = 78,

280,
The complement of this blocking set is a (437, 20)-arc in PG(2, 23).

=178, 75 =

4. The set of points
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forms a (142, 5)—blocking set in PG(2, 23) with secant distribution
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1 104

The complement of this blocking set is a (411, 19)-arc in PG(2, 23).

7'5:201, 7'6:210, T7:98, 7'8:30, 7'9:7, T10 =

5. The set of points

] L L L]

S v mxoos

1072345788
-~ -~ — e
S— —r

S = I NI~ A S

702345678

— - = T
O(\/l\((q.\l(

~ ===

fk4oo7 ekhf
102345678

011111111
T — — — — —

~ 1A=
LT AN TIT DT
H S E S 6
017“111111

S N e N N N

R =N IN)
101345678

S o

PR G P G Y
© 0w~ e~

101235678

011111111
~ — S N

]l L L L]

AN N O X m20006

1012nu75678

O~ o~ o

— — e T
~—

NN N N N N N S

— -~
o O 234577007
011117711

— e — ™
~— —



79

Daskalov, Metodieva

oA T o o ~— -
/d\/l\l/l\((\( NI — =
N— ~

\l/\l/\l/\l/\l/\l/\l/\l/\l/\l/\l/\l/

o o — <~ O O v QO
9b cdfghzklmn

1111 — — — -
(/I\(/I\,l\(,l\(\((l ,1\
~

~~ = << ===

(RS S IC AR N N S A I
gabdefhlklmn
111111171171 ~

~—
~—

222,23 ,.2.2.2.-2.-2.2.=2
R o e
oSS efghkkmm
111111171117

— e e T e —
S—

— = L1 MO Ckkhm
9abd efghzklm

B L S S
o — _|. —

forms a (168, 6)-blocking set in PG(2, 23) with secant distribution

=1.

2, To4

89, 7'9:53, 7'1():10, T11:4, T12 =

=179, 15 =

209, 7

T6 =

The complement of this blocking set is a (385, 18)-arc in PG(2, 23).

6. The set of points
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(1,k,0), (1,k4), (1,k5), (1,k6), (1,k7), (1,kc), (1,kyg), (1,k,i
(L,k, k), (1,1,0), (1,i,1), (1,,,2), (1,1,9), (1,le), (1,1,0), (1,l,m
(L,I,n), (1,m,3), (1,m,4), (1,m,5), (1,m,b), (1,m,c), (1,m,k), (1,m,l
(1,n,6), (L,n,7), (1,n,8), (1,n,9), (1,n,a), (1,n,d), (1,n,f), (1,n,g
(1,n,h),

forms a (193, 7)-blocking set in PG(2, 23) with secant distribution
77 =193, 78 =187, 79 =98, 70 =46, 111 =13,

T2 =6, Ty =1, T2 =1, 74 =38

The complement of this blocking set is a (360, 17)-arc in PG(2, 23).
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