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1 Definition

k:000,k=k, ch(k)>0.

s Veronese variety.

VJ" := 1v5(P™) : Veronese variety,
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1 Definition

k:000,k=k, ch(k)>0.

Veronese variety.
4 y ™
VJ" := 1v5(P™) : Veronese variety,
vy : P L pN=(") s (mo i@y i) —— (@d  moxy T2 1 - TE).
\_ J
Secant variety.
4 Y )
X C PV : sm. proj. var.
Sec(X)° := U Ty, Sec(X) :=Sec(X)° CPV.
r,YyeX, xFy
\_ )




1 Definition

k:000,k=k, ch(k)>0.

Veronese variety.
4 y ™
V" = v (P™) - Vei(;nese variety,
vy o P L pN=(") s (mo i@y i) —— (@d  moxy T2 1 - TE).
\_ J
Secant variety.
4 Y )
X C PV : sm. proj. var.
Sec(X)° := U Ty, Sec(X) :=Sec(X)° CPV.
z,y€X, r#y
\_ Y
n-secant variety.
4 d )
Sec"(X):= ) (w0, ... ,zn) CPV.
Lo, .. ,Xn€X
(2o, ... ,xn) : Zo,...,z,00000000000.




2 Secant varietyd 0 0 [

X c PV : sm. proj. var. ,
PePV\ X,
p: X - PN (POOODOO).

Question.

mp: X —mp(X)DOOOODOOO

P. Griffiths; J. Harris : Principles of algebraic geometry.



2 Secant varietyd 0 0 [

P. Griffiths: J. Harris :

Principles of algebraic geometry.

X c PV : sm. proj. var. ,
PcPVN\ X,
p: X - PN (POOODOO).

Question.

mp: X —»wp(X)0OO0O0OO0OO

\_

Proposition.
/ P

mp: X —-wp(X): 00,
& P e PV¥\Sec(X).

~
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3  Fact

Proposition 1.
[ch(k) >0, V"

=V (I5(Q)).
Z = (Zoo:Zo1:Z02: " Zm—1m * Lmm) € pr=("7) 1,
( Zoo Zo1  Zo2 Zom
Zio 211 Zio Zim
N(Z) = Z?O Z_21 Z_22 ZZ_m (OO, Zji = Zij).
\ ZmO Zml Zm2 T me )

(QO¢txt0O000).



3  Fact

Proposition 1.
[Ch(k) >0, V" =V(2(Q).

~ Proposition 2 (R. Gattazzo (1984)) . ~
(i) ch(k) >0, Sec(Vg™) C V(I3(£2)).
(ii) ch(k) # 2, Sec(Vg") =V (I3(92)).
\_ )
_ . . : . . N:z(m+2)—1
Z—(Zoo.Z()l.ZQQ.“'.Zm_lm.me)EP 2 ,
( Zoo Zor  Zo2z - Zom
Zio Zu iz o Lim
O(Z):=| %20 Za Zn - Zom (00,Z; = Zs).
\ ZmO Zml Zm2 T me )

L(Q):=(Q0txt0Oono).



4 ch(k)=200000C

o ch(k) =2, V(I3(2)) = Sec(Vy") ?

[ (R. Gattazzo) NOTE : ch(k) =2, m =2, 3Ry € V(I5(2))\Sec(V5).




4 ch(k)=200000C

e ch(k) =2, V(I3(2)) = Sec(V5") ?

[ (R. Gattazzo) NOTE : ch(k) =2, m =2, 3Ry € V(I5(2))\Sec(V5).

Y
(00O, ch(k) =2 Ry € Sec(V) \ Sec(VZ)*. | @D

@) SeC(X)O - Ux,yEX, TEY .”]3—y



4 ch(k)=200000C

e ch(k) =2, V(I3(2)) = Sec(V5") ?

[ (R. Gattazzo) NOTE : ch(k) =2, m =2, 3Ry € V(I5(2))\Sec(V5).

Y
(00O, ch(k) =2 Ry € Sec(V) \ Sec(VZ)*. | @D

[ Ry € Tan(V#) C Sec(V3). J (O 2)

(0 1) SeC(X)O P U:I;,yEX, oy Ty.
@2 Tan(X) := Upcx TrX, Sec(X) = Sec(X)° U Tan(X).



4 ch(k)=200000C

e ch(k) =2, V(I3(2)) = Sec(V5") ?

[ (R. Gattazzo) NOTE : ch(k) =2, m =2, ARy € V(I3(Q2))\Sec(V7). }
4
N TR

[ Ry € Tan(V#) C Sec(V3). J (O 2)

~ ch(k)=2000.

ch(k) # 2 = Sec(VJ") = Sec(Vy")°.
ch(k) =2 = Sec(V4y™) # Sec(V5™)°.

\-

(0 1) SeC(X)O P U:I;,yEX, oy Ty.
@2 Tan(X) := Upcx TrX, Sec(X) = Sec(X)° U Tan(X).



5 Main Theorem

/ Main Theorem.

ch(k) >0, Vo™ C PV:=("2")=1 . Veronese variety.

Sec™ (V") = V(In42(R)) (n=0).

\_
/ = (ZOO 2201202 L—1m - me) < IP)N,
( Zoo Zor  Zo2z - Zom
Zio Zu iz o Lim
Q(Z):=| %20 Za Zn - Zom (00,Z; = Zs).
\ Zm() Zml Zm2 T me )

L(Q):=(Q0txt0OOono).



5 Main Theorem

/ Main Theorem.

ch(k) >0, Vg™ C PV:=("2")=1 . Veronese variety.

Sec™ (V") = V(In42(R)) (n=0).

\_
/ = (ZOO 2201202 L—1m - me) < IP)N,
( Zoo Zor  Zo2z - Zom
Zio Zu iz o Lim
Q(Z):=| %20 Za Zn - Zom (00,Z; = Zs).
\ Zm() Zml Zm2 T me )

L(Q):=(Q0txt0OOono).



6 Application(RankO BettiD OO OO OO O)

X CPV : sm. proj. var., P € PV \ X.

Rank.
( rkx (P) := min{n | P € Sec"(X)}.

X CSec(X) CSec?(X)C---CSec™(X)C---C PV,

7Tp:X—>IP’N_1.




6 Application(RankO BettiD OO OO OO O)

~ Proposition (E. Park (2007)).

ch(k) >0, Pi, P, € P*\ Sec(X), X :=Vj,

rkx (Py) =rkx(P;) <= B(mp, (X)) = B(mp,(X)).

\-
Vi=va(PY), vg: P > PY (w0t 2y) — (d af oy oo r 2.
0000 Bettill.
[ B(X) = (8i;(X))-
Fo= @, R, B Ry Iy 0

rkx (P) := min{n | P € Sec"(X)}.



6 Application(RankO BettiD OO OO OO O)

~ Proposition (E. Park (2007)).
ch(k) >0, P, P, € P4\ Sec(X), X := V],

rkx (P1) =rkx(P;) < B(wp, (X)) = B(np,(X)).

-

/ Question.
ch(k) > 0, Py, Py € P\ Sec(X), X := V3",

tkx (P1) = tkx (Py) <= B(rp,(X)) = B(rp,(X)). 7

\_

le = Vd(IP)l)) vd - Pt — Pd; (330 : 331) — (CU(C)l : ZUg_lﬂﬁl D :chll)

Vit = v (P™), vy : P™ —>]P>N;(:1:O L (33(2)::130:131---::1:%”).



6 Application(RankO BettiD OO OO OO O)

Example.
/ P

X := V&, 3P, P, € P\ Sec(X) s.t. tkx (P1) = rkx () = 3,
(i) ch(k) =2,  B(mp (X)) # B(rp,(X)).
(ii) ch(k) = 0,3, B(rp, (X)) = B(rp,(X)).

\-

( Question.
ch(k) >0, P1, Py € P4\ Sec(X), X := V3",

. thy (P1) = tkx (Ps) <= B(np, (X)) = B(rp,(X)). ?

rkx (P) := min{n | P € Sec"(X)}.

X C Sec(X) CSec*(X)C--- CSec"(X)C--- CPV,



Sec" (Vo) = V(1,,42(2)) (n >0).
e Main Theorem.
000000Och(k)=200000000.
e Application.

ch(k) =20000, 10000000000 rank00000 Bettio OO OO,
Jubodbotdboodoogdog.

y




L1 O [
4 )
Sec”(Vy") = V(I 42(2)) (n>0)
e Main Theorem.
DDDDDDCh(k)zQDDDDDDDD.
e Application.
ch(k) =20000, 10000000000 rank00000 Bettio OO OO,
Oo0o0o0o0o0oooooooon.
J

oo, botdbootdogtdogd.,
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Lemma 1.
[ Sec" (V5") C V(I4+2(2)) (n=0).

s Lemma 2. N
R = (ry;) € V(I3(Q)) c PV,
(1) T, ri; 0= dP € ‘/ém,HQ c V2m s.t. R € <P,Q>
\ (11) \V/”l:, Tii — 0=dP P st. Re Tpv2m g Tan(VQm) = SGC(VQm). )
e Lemma 3. ~

R = (Tz’j) c V(In_|_2(Q)) C IP)N, n > 2,

(1) 3, 7 A0 =3IP c V", 3Q € Sec" ' (V") s.t. R € (P, Q).

_ (ii) Vi, 7y = 0= 3P € Tan(Vy") , 3Q € Sec™ *(Vi") s.t. R € (P, Q).




9 d=30000000

. Conjecture.
Sec"(V5") = V(I+2(Cat(l, 3—1; m+1))).

00, Cat(l, 3—1; m+ 1)0 Catalecticant matrices0 0 O .

\_

ch(k)=0, n=100000000000000000.

Z300 Z210 Z201 Zi20 Zi11 Z102
Cat(l, 3—1; 2+4+1):=| Zawo Zi20 Zi11 Zoso Zo21 Zoi2
Z201 Z111 Zio2 Zo21 Zoi2z  Zoo3

Y

7 = (Z300 : Z210 : Zoo1 : Z120 : Z111 : Z102 : Zoso : Zo21 : Zoiz : Zooz) € P7.



