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Introduction.

We investigate the singularities of lightcone
Gauss i1ndicatrices of spacelike hypersurfaces
and lightlike hypersurfaces and Gauss maps of
spacelike submanifolds in de Sitter space.

Fach singularities have geometrical meanings.
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Spacelike hypersurfaces in

de Sitter space s - {z eR* | (z,2) = 1}.
M1 = X(U) C 87, embedding X : U — ST, U C R" ! open.

e lightcone Gauss indicatrix

5= U — LY, L50w) = X(u) + elu),

LO% ={z e R\ {01 | {o,z) =0, 24 > (or <)0},
O™ = LGE WU LCT.,

¢ lightcone heightiunction
H:UxLC*— R, Hu,v)=(X(u),v)—1,
Ry, - U — R, by () = H(u,vg) (vg € LC*).

Remark.
(1) H is a Morse family. (2) Discriminant set of H is L*(U).

(3) singular point ug of L™ corresponds to parabolic point (Gauss-

2 Kronecker curvature w.r.t L* is 0). Hess hpt(y,) 18 degenerate



: : Theorem (n < 6) For generic X, Xo,
For generic spacelike = the following conditions are equivalent:
hypersurfaces,

corresponding maps
have relations (2) Hiand Hy are PK-equivalent.

(1) LT and LT are A-equivalent.

(3) h,+ and h,: are K-equivalent.
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Spacelike submanifolds with cod=2
M"=2 = X(U) C S}, embedding map X : U — S, U C R"? open.

e lightlike hypersurface along M

LH;, : UXxR — S7,

.-F"--_-‘"\-\——-'--.

L% (u,t) = X(u) + ¢ (a7 () & m5(w)),
v=(1Lv1 vy, ,vp/vp) for v = (vg, + ,v,) € LC*.

e Lorentzian distance squared function of M

G:UxS—R, Glu )= (X(u) - ) X(u) - ),
0, U — R, (1) = G(u, Ag) (Ao € ST).

singular points of LHﬂi/f correspond to normalized lightcone
4principal curvatures of M.



e lichtcone Gauss map

Lr:U— S Lt(u) =nl(u) -
where ST ={v=(1,v1, - ,v,) | (v,9)
— LR {’UU — 1}

o, o

¢ lightcone height function

H:UxS"!'—R,

H(u,v) = (X(u),v),

hoy : U —R  hy = H(u,v5) (vp€8TH)

singular points of L+ correspond to lightcone parabolic sets

on M.




Classification of Singularities

It we take n = 4 case, we have following classification.
o lightlike hypersurface L H;, is A-equivalent to the list of f(uy, us, u3):

(Ax-type) (3uq, 2u, u1, us)
(As-type) (4w + 2uius, Su; + usud, us, us)
(.»44-13}?})6)

3 ;.3 2 9
uy + us) + urusg, SuT + Usts, Sus + UUz, Us)

3 2

(

(5uf + Buous + 2uqus, 4w + 2usu?, un, us)

(

(2w} — wpu3) + (uf + ud)us, u5 — 3uj — 2uius, Urts — UsUz, Us)

- s R

e lichtcone Gauss map I[F(ul, us) is A-equivalent to :

(As-type) (3us, 2us, uq) (cuspidaledge)
(As-type) (4us + 2uius, 3us + usuy, us) (swallowtail )
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