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0 Introduction

Our purpose in this paper is to contribute to the study of rational maps from
r-dimensional varieties to general hypersurfaces in projective space (cf [4], [18],
[10], [3]). In the last section, we shall eventually extend this to the study of
correspondences instead of rational maps. The problem we consider is the
following : given a family Y — S of r-dimensional smooth projective varieties,
when a general hypersurface X of degree d in projective space P"! is swept
out by images of rational maps from one member of this family to X ?

Our approach to this problem is Hodge theoretic. Unlike [4], [18], [10], [3],
the result has nothing to do with the canonical bundle of the varieties Y, t € S.
Instead, our answer will depend only on the dimension of the moduli space S.
Roughly speaking, the idea is as follows : assume that dim S is small, but
the general X is covered by images of rational maps from one member of this
family to X ; then there is a universal dominating rational map

d: K --» Ay
I !
B — U |

where 7 : K — B is induced by the family Y — S, and X — U is the
universal family of hypersurfaces of degree d in P**!. Here U is the open set
of P(HO(P", Opn+1(d))) parameterizing smooth hypersurfaces.

If we fix a point s € §, we have now B, which is the fiber of the map
B — S, and A, which is the fibered product

BS XU X.
The ® above restricts to
O, Y, x By — Ag,.

The point now is that if dim S is small, then the corank of the map B, — U
is small, so that an adaptation of Nori’s connectivity theorem [16] will show
that the cohomology groups of X, modulo the cohomology of P"™! x U,, are
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0 or have small Hodge level. Studying the cohomology class of the graph of ®
in

HQn(]C XB XB? Q)

via the Leray spectral sequence of the map
IC x B XB — S >

with fiber Y, x Xz, we will deduce a contradiction with the fact that our initial
® was dominating.
Let us now state our precise results :

Definition 1 Let Y — S be a family of r-dimensional smooth projective va-
rieties. We say that a n-dimensional variety X is rationally swept out by
varieties parametrized by S, if there exist a quasiprojective variety B of di-
menston n — r, a family K — B which is the pull-back of the family Y via a
morphism ¢ : B — S, and a dominant rational map

o K --» X,

(which is necessarily generically finite on the generic fiber K, since dim K =

dim X ).

Remark 1 One can show that this property is equivalent to the fact that the
union of the images of generically finite rational maps from a variety Y;, t € S,
to X contains a Zariski open set of X.

With this definition, we show :

Theorem 1 Fiz an integer 1 < r < n. Let v = %, roodd, ory = g, r
even, that is v is the round-up of % Let Y — S, dimS = C, be a family
of r-dimensional smooth projective varieties. Then the general hypersurface of
degree d in P"! is not rationally swept out by varieties parameterized by S if

d+Dr>2n+C+2, (v+1)d>2n—r+1+C. (0.1)
(Note that except for r = 1, the second inequality implies the first.)

Remark 2 One could of course prove a similar statement for sufficiently am-
ple hypersurfaces in any smooth variety. In the case of projective space, the
estimates on d are sharp, and allow applications to the Calabi- Yau case, which
is never considered in the papers quoted above (see section 3).

So let us consider the case of Calabi-Yau hypersurfaces. Because of the
Lang conjecture that we shall recall below, we will be mainly interested into
the case where the family ) — S is a family of abelian varieties. Our theorem
1 implies in this case :



Theorem 2 Let X be a general Calabi-Yau hypersurface in projective space
P+ that is d = n+ 2. Then X is not rationally swept out by r-dimensional
abelian varieties, for any r > 2.

In the paper [14], Lang formulates a number of conjectures concerning smooth
projective complex varieties X. One of them is that the analytic closure of the
union of the images of holomorphic maps from C to X is equal to the union
of the images of non constant rational maps from an abelian variety to X.
Another one is that this locus is equal to X itself if and only if X is not of
general type.

Next, by a standard countability argument for Chow varieties (similar to
the one given in the beginning of section 2), we see that, according to these
conjectures, if X is not of general type, there should exist a quasiprojective
variety B, a family K — B of abelian varieties, and a dominating rational
map

¢ K - X,

which is non constant on the generic fiber Kj, b € B.

Let us now consider the case where X is a Calabi-Yau variety, that is Ky is
trivial. We claim that if a map ¢ as above exists, then we may assume that ¢,
is generically finite, for generic b € B. Indeed, because H*(X, Kx) # 0, for
generic b € B, the image ¢(K}) has effective canonical bundle, in the sense that
any desingularization Z, of it has effective canonical bundle, as follows from
adjunction formula and the fact that the ¢(K}) cover X. Now it is immediate
to prove that any dominant rational map

Ky - Zy,

where K, is an abelian variety and Z;, has effective canonical bundle, factors
through the quotient map K, — Kj, where K is an abelian variety which is
a quotient of Kj, and has the same dimension as Z,. Replacing the family of
abelian varieties (K})pep, by the family (K})yep gives the desired ¢'.

In other words, Lang’s conjecture asserts in particular that a Calabi-Yau
variety should be rationally swept out by r-dimensional abelian varieties, for
some r > 1. Hence, if Lang’s conjecture is true, such an X should be swept
out by elliptic curves.

On the other hand, the following is proved in [5], lecture 22 :

Proposition 1 If a general Calabi- Yau hypersurface of dimension > 2 is ra-

tionally swept-out by elliptic curves, then it contains a divisor which is unir-
uled.

In dimension 3, this proposition combined with Theorem 2 shows that Lang’s
conjecture and Clemens’ conjecture (see loc. cit.) on the finiteness of rational
curves of fixed degree in a general quintic threefold, contradict.

In the case of hypersurfaces of general type, inequality (0.1) can be applied
to give a non trivial estimate on the minimal genus of covering families of



curves, but the estimate is not sharp and could be obtained directly by geom-
etry. What is interesting however is that looking more precisely at the proof
of Theorem 1, we shall see that the result concerns in fact only the Hodge
structure on H"(X),im and not the effective geometry of X. In fact we get
as well :

Theorem 3 Let X be a general hypersurface of degree d > 2n —2+3g, g > 2
ord>2n+2,g =1, in P""'. Then there exists no non-zero morphism of
Hodge structures

Hn(X7 Q)pri’m - Hn(Y7 Q)a

where Y s rationally swept out by curves of genus g.

Combining this statement with the higher dimensional generalization of Mum-
ford’s theorem on 0O-cycles on surfaces [15], this implies in particular that for
d > 2n + 2, X general, there exists no correspondence I' € CH™(Y x X)
inducing a surjective map

I, : CHy(Y)y — CHy(X)o,

where Y admits an elliptic fibration. Similarly, if g > 2 and d > 2n — 2 + 3g,
there exists no such correspondence I' € CH™(Y x X) where Y admits a
fibration whose generic fiber is a genus g curve. One may wonder whether
these statements are true for any such hypersurface or only for the general
one.

The paper is organized as follows : in section 1, we recall briefly the proof
of Nori’s connectivity theorem for hypersurfaces in projective space, in order
to prove a variant of it concerning families of hypersurfaces parameterized by
subvarieties of the moduli space which are of small codimension. This will
show us that for any family of hypersurfaces parameterized by a subvariety
of the moduli space which is of small codimension, the Hodge level of the
cohomology groups of the total space of the family is small.

The next section is devoted to the proof (by contradiction) of Theorem 1.

In section 3, we prove the applications of this result described above.
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1  Nori’s connectivity theorem for hypersur-
faces

This section is devoted to an intermediate result (Theorem 4) toward the proof
of Theorem 1. This result is a variant of Nori’s connectivity theorem [16], or
more precisely of its explicit version for hypersurfaces in projective space (cf
[19], 8.1, [20]). In [1], [17], a sharper study of similar explicit bounds can be
found.

Nori’s theorem concerns the cohomology of locally complete families of
sufficiently ample complete intersections in any smooth complex projective
variety, parameterized by a smooth quasiprojective basis. The explicit ver-
sion in case of hypersurfaces in projective space makes precise how ample the
hypersurfaces must be.

Here, we consider a variant of this explicit version, where instead of locally
complete families, we consider families of hypersurfaces whose moduli are of
small codimension in the moduli space of all hypersurfaces.

We consider hypersurfaces of degree d in P"*!, and we assume that d >
n + 2. Fix an integer r such that 1 < r < n, and let v be the round-up
of =1, Denote by U C H°(Opn+1(d)) the open set parametrizing smooth
hypersurfaces. Let p : M — U be a morphism, where M is smooth quasi-
projective. We assume that C'orank p is constant equal to C'. We also assume
for simplicity that Im p is stable under the action of Gl(n + 2). Let X be the
universal hypersurface parameterized by U and

XM = XU XU M.

Let
j Xy — M x Pl

be the natural embedding. X, is a smooth quasi-projective variety, hence
its cohomology groups carry mixed Hodge structures with associated Hodge
filtration F*H* (X, C).

Theorem 4 i) Assume that
(d+1Dr>2n+C+2. (1.2)
Then, the restriction map
J* L FTHTT (M x PP C) — FPH* (X, C)
18 surjective.
i) If

(y+Dd>2n+1—-r+C, (1.3)

then for any i > 1, the restriction map
JU HP T (M P C) — PN (Xy, C)

18 surjective.



The proof mimics the proof given in [19], 8.1 (which is nothing but the original
proof of Nori, in the case of hypersurfaces of projective space). For the reader
who knows already the arguments given there, let us just say that the proof
in [19], 8.1 reduces first to showing that complexes built from the infinitesimal
variations of Hodge structures (IVHS) on the primitive part of the cohomology
of hypersurfaces are exact in a certain range. Via Carlson-Griffiths descrition
of these IVHS, using the Griffiths description of the Hodge structure of an
hypersurface via residues, these complexes are pointwise identified to Koszul
complexes of the Jacobian ring of the considered hypersurface. The exact-
ness of these Koszul complexes then uses a theorem due to M. Green on the
Koszul cohomology of projective space. Our variant is then obtained by apply-
ing Green’s refined theorem, which concerns Koszul cohomology of projective
space, with respect to a non-complete base point free linear system of small
codimension.

We try now to go a little more into the details, without reproducing the
whole proof in [19], 8.1. We refer to loc. cit. for complete proofs of the steps
sketched below.

Proof of Theorem 4.
i) One first reduces the assertion, as in [16], to proving that under the
assumption (1.2), the restriction map

7" HY (Qpnin) — H'(Qhy,)

is bijective, for [ < n—r, k+1 < 2n—r. This step uses the mixed Hodge struc-
ture on relative cohomology and the Frolicher spectral sequence : the relative
cohomology of the pair (M x P! X,,) is equal to the hypercohomology of
the complex
QMXP”+1,XM = Ker (]* : Q./\/(><P”'*‘1 - QXM)
The Frolicher spectral sequence considered here is the spectral sequence asso-
ciated to the naive filtration on Q'MXan’ PR
Denote respectively by mx, mp the natural maps

X — M, M x P - M.

A Leray spectral sequence argument shows that it suffices to prove that under
the assumption (1.2) one has :

The restriction map j* : R'mp.(Qh g pasi) — RlWX*(Q/}M) is bijective (1.4)

foril<n—r k+1<2n—r.
Let

n P,q —
prim> prim> p + q=n,

be the Hodge bundles associated to the variation of Hodge structure on the
primitive cohomology of the family 7y : Xy — M. The infinitesimal variation



of Hodge structure on the primitive cohomology of the fibers of mx is described
by maps
VHEL S HE L e 0y (1.5)

prim prim

and they can be extended in the obvious way to produce a complex :

+]., 1 S— s 1, +1 S
LHOET @ ! Hﬁ;ﬁm ® Oy H;jmmq Q@ Q... (1.6)
One shows, using the filtration of Q]}M by the subbundles 7% Q3 A Qljﬁand
the associated spectral sequence (cf [19], 5.2.1), that (1.4) is equivalent to the
following

The sequence (1.6) is exact at the middle forq <n—r, p+s+q<2n—r.

Note that since p + g = n, the last inequality reduces to s < n —r.
It is convenient to dualize (1.6) using Serre duality, which gives :

s+1

S s—1
HEE @ N\ T~ ML © N T > M o AT (L)

We finally use Griffiths, Griffiths-Carlson description of the IVHS of hypersur-
faces ([13], [2]) to describe the complex (1.7) at the point f € M as follows.
We have the map p. : Tavp — Ty = S?, where S is the polynomial ring in
n + 2 variables. Next the residue map provides isomorphisms
—n—2+d 1 ~ ,
Ry = g (X ),
where R; := S/J; is the Jacobian ideal of f, and R’} denotes its degree k

component. The map V in (1.5) identifies then, up to a coefficient, to the map
given by p, and multiplication :

n—2+d(p+1 —n—2+d(p+2
Rf (p+1) R +d(p+ ))

— Hom (Tmy,
It follows from this that the sequence (1.7) identifies to the following piece of
the Koszul complex of the Jacobian ring Ry with respect to the action of T s
on it by multiplication:

s+1 s—1
an 2+dp® /\TMf 2 R—n 2+d(p+1) ®/\TMf N R—n 2+d(p+2) ® /\TM,f<]-8)

Now, by assumption, if W is the image of p,, W C S%is a base-point free linear
system, because it contains the jacobian ideal J¢, and it satisfies codim W = C.

One verifies that it suffices to check exactness at the middle of the exact
sequences (1.8) in the considered range, with T s replaced with W. This last
fact is then a consequence of the following theorem due to M. Green :



Theorem 5 [12] Let W C S¢ be a base-point free linear system. Then the
following sequence, where the differentials are the Koszul differentials

s+1 s s—1
anf2+dp ® /\ 1974 i) an72+d(l)+1) ® /\W g an72+d(p+2) ® /\ W (19)
s exact for —m — 2 4+ dp > s + codim W.

Using the fact that the Jacobian ideal is generated by a regular sequence in
degree d — 1, which provides a very simple resolution of R; by graded free
S-modules, one then shows that the same is true when S° is replaced with RZ}
in (1.9), at least if —-n —2+d(p+1)>d—1.

We now conclude the proof of i). We have just proved that (1.6) is exact
at the middle if

—n—2+dp>s+C, —n—2+dp+1)>d—-1

Since we assumed d > n + 2, the second inequality is satisfied when p > 1.
Next, if ¢ <n —r, s <n —r, we have

p>r>1,s<n—r.

Hence, the exactness of (1.6) in the range ¢ < n—r, s < n—r will follow from
the inequality
—n—2+dr>n—r—+C,

that is (1.2).

ii) The proof is entirely similar, and we just sketch it in order to see where
the numerical assumption is used. Following [16], we first observe that, in
order to get the surjectivity of the restriction map :

j* . H2n77’72’(M % ]Perl, (C) N H2nfr7i(XM7 (C),
it suffices to show the surjectivity of the restriction map :
G5 FrT P M P C) — PR (X, C), (1.10)

where ~; is the round-up of %
Indeed, let K be the cokernel

H2n—r—i(XM7 Q)/j*H2n—r—i (M % ]:P;n—l-l’ @)

It has a quotient mixed Hodge structure whose weights are > 2n — r — i,
because X, is smooth (cf [8]). The surjectivity of

j* . Fn—T’+% H2n—r—i (M % ]Pm-‘,-l’ C) N Fn—r—l—%- H2n—7"—i(XM’ C),



then says that F" "t Kc = 0. But the round-up of 2”_2”_i isn—r+ .
Applying Hodge symmetry to the weight graded pieces of K (which carry
pure Hodge structures of weight > 2n — r — i), we see that

F'"™iKe=0= K =0.

As in the previous proof, we reduce now the proof of the surjectivity of
(1.10) to showing :

The restriction map j* : R'mp. (U pni1) — RZWX*(QIR,M) is bijective(1.11)

forl<n—i—v, k+1<2n—r—1.

Expressing as in the previous proof the cohomology groups above with
the help of the IVHS on the primitive cohomology of the fibers of mx, this is
reduced to proving :

The sequence (1.6) is exact at the middle for ¢ < n—i— v, p+q =
n,p+s+q<2n—r—ai.

Using the Carlson-Griffiths theory, we are now reduced to prove :

the following sequence :

s+1 s s—1
—n—2+d 0 p—n—2+d(p+1 0 H—n—2+d(p+2
R" @ \ Ty 5 B2 @ \ Ty 5 R @ \ Ty (1.12)

1s exact forp >y, +1i, s <n—r—1i.

As in the previous proof, we now apply Theorem 5 and conclude that the
last statement is true if

—n—=24+d(y+i)>C+n—r—i. (1.13)

Now it is clear that the v; 4 ¢ are increasing with 4, while the C'+mn —r — 1 are
decreasing with 7. Hence it suffices to have (1.13) satisfied for ¢ = 1, which is
exactly inequality (1.3). m

Denoting by H**™" (X )prim the quotient
H* " (Xp)prim /3" (H*" 7" (M x P™H),
we shall only be interested with the pure part
Woan—r H?" " (Xt )prim

which is the part of the cohomology which comes from any smooth projective
compactification of Xy [8]. It carries a pure Hodge structure of weight 2n —r.

Corollary 1 Under the assumptions of Theorem 4, the Hodge structure on
Won—r H* " (Xp) prim 18 of Hodge level <1 — 2.
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Proof. Recall that the Hodge level of a pure Hodge structure H, Hc = ®HP?
is
Mazx {p - q, HP 7é 0}

Since we know that F"Wa, . H* " (Xp)prim = 0, we have
HP Y (Waon o H*™ " (Xpt)prim) = 0, for p>n.

Since HP? = ( for p + q # 2n — r, it follows that the Hodge level is <
n—1—-C2n—-r—(mn-1)=r—2. n

2 Proof of Theorem 1

We prove Theorem 1 by contradiction. So assume the assumptions (0.1) are
satisfied, but that the general X of degree d in P"*! is rationally swept-out by
varieties from the family ).

Using Chow varieties, or relative Hilbert schemes, we see that there exist
countably many quasi-projective varieties B3, parameterizing triples (¢, f, @),
wheret € S, f € U, and ¢, is arational map ¢, : Yy --» X which is generically
finite onto its image. Indeed, such a ¢4 can be identified to its graph, which is
a r-dimensional subvariety of the product Ys x Xy, which has to be of degree
1 over the first factor.

For fixed generic f, our assumption implies that the images of such ¢, fill-in
Xy.

For each k, let

T - ICk — Bk

be the family which is pulled-back via the first projection By — S from the
family )V — S. By definition of By as a Hilbert scheme, there is the universal
rational map

Cbk : ’Ck i 4 XU,

where, as in the previous section, Ay is the universal hypersurface parameter-
ized by U. Note that &, makes the following diagram commutative :

CI)k . le -—> XU

| | (2.14)
pro: B — U

Our assumption implies that the union of the images of ®; contains a subset
of Xy which is the complementary set of a countable union of proper closed
algebraic subsets. By Baire, it follows that for some kg, ®;, is dominating.
In the sequel, we shall use the notations m, B, K, ®, for my,, Bk, Ky, Pr,
respectively.

We shall denote by By the (generic) fiber of the second projection B — U
and 7y : Ky — By the induced family. By taking desingularizations, we may
assume that B is smooth, and since by assumption the map = is smooth, I
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is smooth too. Since f is generic, By and Ky are then also smooth. Finally,
we may, up to replacing B by a closed subvariety, assume that the restriction
Py Ky --» Xy of ® to Ky is generically finite and dominating. (This is
because the restriction of ® to the generic fibers of 7 is generically finite.) In
particular, dim By =n — .

We fix now a generic point ¢t € Impr; C S. We let

B, :=prit(t), Ky =7 1(By).
We observe that IC; is naturally isomorphic to Y; x B;. Furthermore, since
dimImpr; < dimS < C,

we have codim (B, C B) < C.

The second projection pry : B — U is dominating, so can be assumed to
be submersive, after shrinking 5. It follows that the corank of pry s, is < C,
and after shrinking B;, we may assume it is constant and < C' on B;.

Let Xp, := Xy xy B;. The map ® : I --» &y lifts to a map

K --» s,

because of the commutativity of the diagram (2.14). ® takes the value ¢ over
the point (t, f, ¢s) of B.
This map restricts in turn to a map

&)t . }Ct -=> XBt?

which is over B;.
The graph of ®; provides then a codimension n subvariety in the fibred
product
}Ct X B, XBt = Y; X XBz'

The desired contradiction will come from the following :

Proposition 2 Let v, € H*"(Y; x Xg,,Q) be the rational cohomology class of
the graph of ®;. Then ~; induces a morphism of mized Hodge structures

Vs - HT(K?Q) - H2nir(‘)€3m Q)prim7 (215)
whose 1mage has Hodge level r.

Remark 3 The mized Hodge structure on H"(Y;, Q) is pure as is the mized
Hodge structure on I'm~y,,. Hence it makes sense to speak of the Hodge level
of the image.

Remark 4 The fact that Im 4, has Hodge level r is equivalent to the fact that
Vi does not vanish identically on H™°(Y;), or more generally on the subspace
H"(Y:, Q)4 introduced later on in the proof.

Admitting the proposition, the proof concludes as follows : we know that the
map B; — U is of constant corank < (', and by assumption, the inequality
(1.2) needed in Corollary 1 is satisfied, so Corollary 1 holds. On the other
hand Proposition 2 clearly contradicts Corollary 1. |
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Proof of Proposition 2. The graph of ® lies in K xg X and is of
codimension n there. Let v € H*(K xp X3,Q) be its rational cohomology
class. Of course

Tt = 7|X5t'

Let 7 : K x5 X — &g be the second projection. Let £ be a relatively ample
line bundle on YV — &S, and let £ be its pull-back to IC xz Xz via the natural
composite map

K XB XB —- K — y

Then £ is relatively ample w.r.t. .
The hard Lefschetz theorem provides isomorphisms

ca(L)U: R#,Q = RM#,Q, i > 0,
and correspondingly isomorphisms :
c(L)'U: H " (X, R'7,Q) & H " (X, RM'7.Q), i > 0.

These isomorphisms are isomorphisms of mixed Hodge structures. Further-
more, by Deligne’s theorem [7], the Leray spectral sequence of 7 degenerates
at Fs, so that the above groups are graded pieces of

H*" (K x5 X5, Q), H*"(K x5 X5,Q)

respectively. It follows that we can write
v=9"+ Z a(L) U, (2.16)
r>i>0

where v/ € H?"(K x5 X5, Q) lies in the 7-th level of the Leray filtration relative
to 7, and v; € H*"2(K x5 X5, Q). By strictness of the morphisms of mixed
Hodge structures with respect to both filtrations, we may even assume that +/
and v; are Hodge classes, that is lie respectively in

Wo H(K x5 Xp,Q) N F"H**(K x5 X5, Q),
Wgn_giH2n—2i(’C X5 XB; @) N Fn—iH2n_2i(K: XB XB, @)
Restrict now everything to
K:t X B, XBt = Y; X XBV (217)

Since £ is the pull-back of a line bundle on ), its restriction LNt to Ky X, Xp,
is of the form prjL, for some line bundle L on Y;, where pry is defined using
the isomorphism (2.17). It follows that each

Yit = (ﬁ)Z U Vil x5, Xs,
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induces a morphism of mixed Hodge structures
HT(K? Q) - H2nir(‘)€3t7 Q)?

which factors through the map ¢ (L)'U: H"(Y;,Q) — H™?(Y;,Q). So, since
dimY; = r, each such morphism has an image which is of Hodge level < r for
1> 0.

We observe now the following : 7/ lies in the r-th level of the Leray filtration
of H*(K x5 Xp,Q) relative to 7, hence, using the degeneracy at Es of this
Leray spectral sequence, it projects to an element +” in

H2n—r (XBa Rrﬁ'*@),

which is the E5"™" = EZ"™" term of the Leray spectral sequence of 7.
Denote by 1) the composite map

XB—>B—>S

Observe that the family
7 K XB XB — XB

is pulled-back via ¢ from the family V — S. It follows that the local system
is also pulled-back :

R7#,Q=¢ 'H",
for some local system H" of Q-vector spaces on §. Hence the E5 terms of the
Leray spectral sequence relative to ) and to the sheaf R"7,Q on Xz are

Hi(S7R2n—r—i¢*Q ®Q Hr)

From now on we assume that the map pri; : B — S is surjective, and topo-
logically locally trivial, which we can do, replacing S by a Zariski open set in
Impry. The local system H" contains a sub-local system which via Poincaré
duality is also canonically a direct summand, whose fiber at the general point
of § is the maximal sub-Hodge structure of H"(Y;, Q) which is not of maximal
Hodge level. Let us denote this sub-local system by H.,, and the quotient by
H . H] can also be defined as the minimal sub-variation of Hodge structure of
H"™ whose corresponding (r,0)-part contains the whole bundle H™? with fiber

H™(Y;) at t € S. So we have an orthogonal decomposition :
H' = HI, & H],

Let R™7,Qy, := ¢~ 'H! . With these notations, we have the component 7} of
~", which lies in
H2n77'<X87 RT%*QW)?

and as above, the spectral sequence abutting to this last group has Fs-term
HY(S, R~ ,Q @q H]). (2.18)
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We apply now Theorem 4, ii). The fibers of the maps ¢ are the X, hence
they satisfy the vanishing

H™™ (X, Q)prim = 0.
Formula (2.18) allows then to conclude that for ¢ > 0, we have
HY(S, ¥ "4, Qprim ©q Hj,) = 0.
Hence we conclude that up to classes coming from
H* (P x B, R"(Id x 7),Qy,
the class 7, is determined by its 0-th Leray component, namely
V" e H(S, R* . Qprim @q HY,).

Note that the value of 7" at the general point t € S is, (using Poincaré
duality on Y;,) nothing but the restriction of the map ~,, or . of (2.15) to
the transcendental part H"(Y;, Q)4

Let us now conclude the proof by contradiction : assume the 7, has
an image which is of Hodge level < r for general t. Then equivalently,
its restriction to H"(Y;, Q) vanishes. This means that v = 0, and by
the reasoning above, this implies that 7;. = 0 modulo classes coming from
H* (P! x B, R"(Id x 7).Qy,).

We now observe that Xz contains By x Xy, K contains K¢, and that corre-
spondingly K xz X contains Ky x X;. The restriction of dto K ¢ is the map
(g, ®f) : Kf --» By x Xy and so the graph of ® in K x5 X restricts to the
graph of ®; in Ky x X;. The class v restricts to the class 7, of this graph.

Denote by 7%, 7§, 75, the restrictions of the classes 7', 7", 7. respectively
to Ky x X;. The vanishing v, = 0 implies the vanishing 7%, = 0. Retracing
through the definitions, this implies that the map

7;; : Hn(XﬁQ)pMm - Hn(KﬂQ)v

where the subscript “prim” here means “the orthogonal part to H*(P"™, Q) x i
decomposes as

Vi= D U

>0

where [ is the first Chern class of the line bundle on K induced by £ via the
map Ky — ). Here the v; r, 7/ are the restriction to Ky x X of the classes
Yi, 7 of (2.16). The map 7}* takes value in the r-th level of H"(K, Q) with
respect to the Leray filtration relative to the map 7y : Ky — By, and our
conclusion is that its projection in

Hom (H" (X, Q)prim, H""(By, R'm;,Q))

lies in Hom (H™( Xy, Q)prim, H" " (By, R, Q) <r).

14



The contradiction now comes from the fact that since ®; is a dominating
rational map, and the Hodge structure on H"(X ¢, Q)prim has Hodge level n,
(because d > n + 2,) the associated map 7} has an image which is of Hodge
level n.

On the other hand, the maps of the form [ U 7; ¢ have images of Hodge
level < n, as do the maps 7/ ;. Next, the only Leray piece of H "(Ky,Q) whose
weight n part is of Hodge level n is H" " (R"m; Q), because dim By =n —r,
and inside it H" " (R"7;,Q«,) has Hodge level < n. ]

3 Rational maps from abelian varieties to Calabi-
Yau hypersurfaces and other applications

Proof of Theorem 2. We want to show that for » > 2, the general Calabi-
Yau hypersurfaces, that is hypersurfaces of degree d = n + 2 in P**! are not
rationally swept-out by r-dimensional abelian varieties. We apply Theorem
1 : the family Y — S we consider is any locally universal family of abelian
varieties. The moduli space of r-dimensional abelian varieties with given polar-

ization type is of dimension r(g—ﬂ) Hence the inequalities needed in Theorem
1 become in this case :
1 1
(n+3)r > 2n+r<TT+)+2, (v + 1)(n+2) 22n—r+1+r(r2—+).
It is not hard to check that this is satisfied for 2 < r < n. [ ]

When r = 1, inequality (0.1) is never satisfied so that our argument def-
initely does not apply to the study of elliptic curves in Calabi-Yau hyper-
surfaces. In fact we could adapt our proof of Theorem 2 to work as well for
Calabi-Yau hypersurfaces in a product of projective spaces. On the other hand,
certain generic Calabi-Yau hypersurfaces in a product of projective spaces are
swept out by elliptic curves, eg the hypersurface of bidegree (3, 3) in P? x P2.
This shows that for r = 1, a different argument has to be found. Note how-
ever that Theorem 2 has the following corollary, which says that Lang’s and
Clemens’ conjecture contradict :

Corollary 2 If Lang’s conjecture is true, any Calabi- Yau hypersurface X of
dimension > 2 has a divisor which is uniruled.

Proof. Indeed, if Lang’s conjecture is true, then by Theorem 2, the general
X is rationally swept out by elliptic curves. One then applies the following
result, which is proved in the three dimensional case in [5], lecture 22 (the
proof however applies to any dimension > 2 ) :

Proposition 3 If a general Calabi-Yau hypersurface is rationally swept-out
by elliptic curves, then it contains a divisor which is rationally swept-out by
rational curves.
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For completeness, we sketch here the argument for the proof of Proposition
3. The first step is to prove :

Lemma 1 If X is a general Calabi-Yau hypersurface of dimension > 2, X is
not rationally swept out by elliptic curves of fixred modulus.

Proof. Indeed, fixing otherwise the modulus of the elliptic curve, we would
get, for at least one elliptic curve E, an hypersurface Mg in the moduli space
M of X consisting of X;’s which are rationally dominated by some £/ x B. For
such an Xy, there must be an inclusion of rational Hodge structures induced
by the dominant rational map ¢ : £ x B --» Xj:

6"« H (X} )prim — H'(E) © H"\(B), (3.19)

because the Hodge structure on H™(X),im is simple for general X.
If we now let f vary in Mg, only B deforms with f, not F, and it follows
that the infinitesimal variation of Hodge structure on H'(E) ® H" *(B)

V: HP(HY(E) @ H\(B)) — HP '\ (H\(E) & H"(B)) ® Quu,
has the following form at the point f € Mg :
V(ia® p) =a® Vi)

for a« € H™*(E), 3 € H?™%7%(B), where Vp is the infinitesimal variation of
Hodge structure on H""'(B). Hence the Yukawa couplings of the IVHS on
H'(E)® H" !(B), that is the iterations of V, have the following property:

Vn e H"Y(HY(E) @ H"Y(B)), the map

="

V() 8" Tpp,p — HY"(H'(E) ® H"(B))

vanishes.

If there is along Mg an injective morphism of Hodge structures (3.19),
it follows that the same property is true for the IVHS of the family of X;’s
parameterized by Mg, namely the Yukawa couplings of X; vanish on the
hyperplane K := T, ; C S"*2. The Carlson-Griffiths theory [13], [2] shows
easily that this is not the case. Indeed, these Yukawa couplings identify to the
multiplication map

Sn(Sn+2) N R}L(n+2),
Assume they vanish on K. Since K is a hyperplane in S"*2, the subspace
K :=[K:S8Ycs"tt

has codimension < n + 2. It is without base-point, since Ty, s contains Jy.
It follows then from [11], that S"™K’ = S§?"™. But K? contains S'K’- K =
K'-S'K = K'- §"3 = 82+ Hence K? = $?"** and similarly K" = S™("+2)
contradicting the fact that K™ C J}L(n+2). m
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The second step is then following

Lemma 2 Assume a variety is rationally swept-out by elliptic curves, but not
by elliptic curves with constant modulus. Then it admits a divisor which is
rationally swept out by rational curves.

Proof. By assumption there is a diagram

£ % x

3
o

I

where we may assume that % and § are smooth, projective, where % is a
smooth projective model of the family X — B on which ¢ is defined, and that
the map j : B — P! is defined and non constant. Now, since ¢ is generically
finite, for generic t € P!, the divisor K; := (j o m)~'(¢) must be sent by ¢
onto a divisor of X, and it follows that for any ¢ the image by ¢ of the divisor
K= (jom) L(t) must contain a divisor of X. Taking ¢ = oo, and noting that
any component of ICo has a normalization which is uniruled, gives the result.

u

Proof of Theorem 3. We simply note for this that in the proof of Theo-
rem 1, we used the dominating rational map

o: K --+X
only to deduce that there is a corresponding inclusion
@5+ H* (X p)prim — H"(K7y)

of Hodge structures. The Chow argument we used would work equally with
graphs of rational maps replaced with cycles in the product

Y, x X.

Hence we conclude that everywhere in the paper, we could replace “dominating
rational maps” by “cycles in CH?(K x X) inducing a non-zero morphism of

Hodge structures”
H(X) i — H(K).

(Note that such a non-zero morphism should be in fact injective because the
Hodge structure on H"(X)pin, is simple for generic X.)

Using the fact that the moduli space of curves of genus g > 1 has dimension
3g—3,9g>2o0r 1, g =1, we see that theorem 3 is then a consequence of
theorem 1, where we replace dominating rational maps with correspondences
inducing a non zero morphism of Hodge structure.

u

17



References

1]

2]

M. Asakura, S. Saito. Noether-Lefschetz locus for Beilinson-Hodge cycles
on open complete intersections, preprint 2003.

J. Carlson, Ph. Griffiths. Infinitesimal variations of Hodge structures

and the global Torelli problem, in Journées de géométrie algébrique, (A.
Beauville Ed.), Sijthoff-Nordhoff, (1980), 51-76.

L. Chiantini, A.-F. Lopez, Z. Ran. Subvarieties of generic hypersurfaces
in any variety, Math. Proc. Cambr. Phil. Soc. 2002.

H. Clemens. Curves in generic hypersurfaces, Ann. Sci. Ecole Norm. Sup.
19 (1986), 629-636.

H. Clemens, J. Kollar, S. Mori. Higher dimensional complex geometry,
Astérisque 166, SMF (1988).

H. Clemens, Z. Ran. Twisted genus bounds for subvarieties of generic
hypersurfaces, to appear Amer. J. Math.

P. Deligne. Théoremes de Lefschetz et criteres de dégénérescence de suites
spectrales, Publ. math. IHES 35 (1968) 107-126.

P. Deligne. Théorie de Hodge II, Publ. Math. THES 40 (1971), 5-57.

P. Deligne. La conjecture de Weil pour les surfaces K3, Inventiones Math.
15, 206-226 (1972).

L. Ein. Subvarieties of generic complete intersections, Invent. Math. 94
(1988), 163-169.

M. Green. Restrictions of linear series to hyperplanes, and some results of
Macaulay and Gotzmann, in Algebraic curves and projective geometry, (E.
Ballico, C. Ciliberto Eds), Lecture Notes in Mathematics 1389, Springer-
Verlag 1989, 76-86.

M. Green. A new proof of the explicit Noether-Lefschetz theorem, J. Diff.
geom.

Ph. Griffiths. Periods of certain rational integrals, I, II, Ann. of Math. 90
(1969) 460-541.

S. Lang. Hyperbolic and diophantine Analysis, Bulletin of the American
Math. Soc. Vol. 14, 2, (1986), 159-205.

D. Mumford. Rational equivalence of zero-cycles on surfaces, J. Math.
Kyoto Univ. 9 (1968), 195-204.

18



[16] M. Nori. Algebraic cycles and Hodge theoretic connectivity, Invent. Math.
111 (1993) 349-373.

[17] A. Otwinowska. Asymptotic bounds for Nori’s connectivity theorem,
preprint 2002.

[18] C. Voisin. On a conjecture of Clemens on rational curves on hypersur-
faces, Journal of Differential Geometry 44 (1996) 200-214 ( + correction
J. Differential Geometry 49 (1998), 601-611.

[19] C. Voisin. Hodge Theory and Complex Algebraic Geometry II, Cambridge
University Press (2003).

[20] C. Voisin. Nori’s connectivity theorem and higher Chow groups, Journal
of the Inst. Math. Jussieu (2002) 1 (2), 307-329.

19



