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A spread S of V is a set of n-dimensional subspaces such
that any vector different from zero belongs to exactly one
element of S.

Any spread of V determines a translation plane ¢/(S) whose
points are the non zero vectors of V and whose lines are
the cosets of the elements of S.

The kernel of ¢/(S) is the field of all F4-endomorphisms of V
fixing all the element of S.
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S and &’ are isomorphic < 37 € PI'L(2n,q) s. t. Preliminaries
§T=5.
A spread S of PG(2n — 1, q) is a sympletic spread with
respect to a non singular sympletic polarity L of

PG(2n — 1, q) when all subspaces of S are totally isotropic
with respect to L.
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A finite semifield S is an algebra at least two elements, and
two binary operations + and %, satisfying the following
axioms: Preliminaries

(1) (S,+) is an abelian group.

(2 xx(y+z)=xxy+xxzand
(X+y)xz=xxz+y*z, VXx,y,Z€S.

B) xxy=0=x=0o0ry=0.

(4) Il eSst.1xx=xx1=x VxeSs.

An algebra satisfying all the axioms of semifield except (4)
is called a presemifield.
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Semifield Spread

If Ly is the map of S in itself defined by L, : a — ax b, let Fg
be the maximal subfield of S s. t. all the L, are Fg-linear
maps.

Then V =S @& S is a vector space over Fg ,
S =088
Sp={(x,xxb)|xeS} beS

are V’s n-dimensional subspaces.

-S={Sp|beSU{x}}

- U =US) =U(S)

- Sand §' are isotopic <— U(S) = U(Y')
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Pre-sympletic
Semifields

Let S = (Fqn, +,+) a presemifield be.
If Lis an Fq-linear map of Fgn in itself, the adjoint L of L with
respect to the bilinear form Try(xy) is defined by

Preliminaries

Trq(xL(y)) = Trg(L(x)y) Vx,y € Fgn

The dual of S is S¢ = (Fgn, +, o) defined by
Xoy=y*xX
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Let PG(r — 1,9") = PG(V, q") be the projective space over Pre-sympletic
V(r.q").
- Qis an Fq-linear set if

<W> cQ «— we W Preliminaries

where W is a F4-vector subspace of V.
rkQ = rkg, W (s rank).
If @ has rank r and (W)r, = V,
Q= PG(W,Fq) = PG(r—1,q)

is a canonical subgeometry of PG(r — 1,q").

Y ={(x,x9,...,x ") e PG(n—1,q") | x € Fgn}
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cone

Pre-sympletic
Semifields

Let L be the polarity of P = PG(n — 1, q") defined by the
bilinear form
b(X,y) = X1y1 + XeYo + ...+ Xn¥n VXY € Fgp

Preliminaries

A geometric spread set I of P (with respectto ¥) is a
Fs-linear set of rank nh, g = s”, s. t.

™ ={(y1,Y2,...,¥n) € P| Trs(b(X,y)) =0 ¥x € T'}
is disjoint from %.

The Fgq-linear set of rank (”+1) of P
n—i+1
Q= {(617/8&"'76/7) EP|I—2,3,...,”Z,8,9 . :6n—i+2}

is called sympletic cone .
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Geometric construction

Pre-sympletic

Let T = {(x,f(x)9 f(x)): x € Fss} be a geometric spread Semifields
set of P = PG(2, g°) (with respect to ).

I" is contained in the sympletic cone €. J

Geometric
construction

As before, let L be the polarity of P

- QF={(0,69,—€) : £ € F o}
- ={(H(y). €9~y — &) 1 y.£ € F}

where f(y) is the adjoint map of f with respect to the
quadratic form g(a) = Trs(a?).
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Geometric construction

Pre-sympletic

Let A := (X, Q") be, Semifields
Pe(A\Y)Nnr < P(xa,0, xa® + xqza), X eFgp, acly

where r: xo = 0.

Geometric

/\a = {(Xa, 0,Xaq2 + qua) X E FZs} construction

5=T"0r={(-H(y),0,y) 1y €Fiy}.
Then

2 2
xa xa9 +x9«

Gy oy |70

forall a,x,y € IF’(;S.
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Pre-sympletic
Semifields

Theorem [L., Lunardon]

I is a geometric spread set if and only if, So. = (F

defined by

eEinie *o ) With multiplication

xxa y = (F(¥)a® =1 + y)x + Hy)xe
is, for all a € F7,, a presemifield central over s and the kernel of the plane /. CrEaImEe
contains Fg.

construction
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Pre-sympletic
Semifields

Theorem [L., Lunardon]

G

I is a geometric spread set if and only if, Sa = (Fgs, +, xa) With multiplication Ic_oiciﬁtﬁg‘h
defined by S
xxa y = (Hy)a® " +y)x + Hy)x?
is, for all o € F*,, a presemifield central over Fs and the kernel of the plane 4, Geometric
q3 construction
contains Fg.

Corollary [L., Lunardon]
F= (]Fq3, +, -) with multiplication defined by
Xy = xy + f(y)Ix9 + F(y)x

is a sympletic presemifield if and only if S,, is a presemifield for all « € F;s
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Theorem [L., Lunardon]

G

I is a geometric spread set if and only if, Sa = (Fgs, +, xa) With multiplication Ic_oiciﬁtﬁg‘h
defined by S
xxa y = (Hy)a® " +y)x + Hy)x?
is, for all o € F*,, a presemifield central over Fs and the kernel of the plane 4, Geometric
q3 construction
contains Fg.

Co roIIary [L., Lunardon]

F= (]Fq3, +, -) with multiplication defined by
Xy = xy+ H(y)Ix9 + f(y)x9

is a sympletic presemifield if and only if S,, is a presemifield for all « € F;s

Remark: |{Sa}aeF;3| = +q+1.
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Even characteristic Results

Pre-sympletic

Fr={(x, f(X)q7 f(x)):x € Fqs}, with g = 2h, Semifields

f:erE‘qs—>\/x+xq2 €Fgp

Results
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Theorem. [Bader, Lunardon (2015)]

I'+ defines a sympletic presemifield of order g°.
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Then, for all o € IE‘ZS, Sa = (Fgs, +,%a), With multiplication
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Even characteristic Results

Pre-sympletic
[r = {(x, F(x)9, f(x)) : X € Fga}, with g = 27, Somitelds

G

ardi

f: X € ]Fqs — X—|—Xq2 (= ]an G. Lunardon

Theorem. [Bader, Lunardon (2015)]

I'+ defines a sympletic presemifield of order g°.

Results

Then, for all o € IE‘ZS, Sa = (Fgs, +,%a), With multiplication
defined by

XHay = ((y +y92ad 1+ y)x + (y + y9)°xT
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fxeFp— VX+xF eFgp

Theorem. [Bader, Lunardon (2015)]

I'+ defines a sympletic presemifield of order g°.

Results

Then, for all o € IE‘ZS, Sa = (Fgs, +,%a), With multiplication
defined by
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I'+ defines a sympletic presemifield of order g°.

Results

Then, for all o € IE‘ZS, Sa = (Fgs, +,%a), With multiplication
defined by

Xxa ¥ = ((y +y9)2aT " + y)x + (y + y9°x
is a presemifield that, up to isotopy, has:
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Even characteristic Results

Pre-sympletic

Fr={(x,f(x)9,f(x)): x € Fqs}, with g = oh Semifields

fxeFp— VX+xF eFgp

Theorem. [Bader, Lunardon (2015)]

I'+ defines a sympletic presemifield of order g°.

Results

Then, for all o € IE‘ZS, Sa = (Fgs, +,%a), With multiplication
defined by

Xxa ¥ = ((y +y9)2aT " + y)x + (y + y9°x
is a presemifield that, up to isotopy, has:

- N =T,
- Z=T,
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Even characteristic Results

Pre-sympletic
Semifields

Known semifields of order g%, g = 2", with geometric
spread sets on a line are:

Results
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Even characteristic Results

Pre-sympletic
Semifields

Known semifields of order g%, g = 2", with geometric
spread sets on a line are:

Results

- Fields;
- Generalized Twisted fields with center of order g.
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Vielen Dank fiir lhre Aufmerksamkeit! e
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