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Hyperbolicity of smooth logarithmic and orbifold pairs in P”

Clara Dérand *

Abstract

We derive a necessary and sufficient condition on a hyperplane arrangement in P" for
the associated logarithmic cotangent bundle to be ample modulo boundary. We extend this
result to the orbifold setting and give some applications concerning hyperbolicity of pairs.
We improve significantly the results of | ].

1 Introduction

1.1 Hyperbolicity of quasi-projective varieties

Let (X, D) be a smooth log pair. It has been shown by several authors that hyperbolicity
properties of X \ D could be investigated through the positivity of the associated logarithmic
cotangent bundle Qx (log D), see e.g. | I, [ I, 1 I, I, [ |N |-

When studying the properties of the logarithmic cotangent bundle, one finds trivial quotients
supported on the different components of D. Each such quotient gives a positive dimensional
subvariety of the augmented base locus B (Op(ay (1og p)(1)). In particular, Qx (log D) cannot
be ample in any way. A natural question to ask then is whether these quotients are the only
obstructions to ampleness. One can define two conditions on the logarithmic cotangent bundle to
express this minimality property. The first notion has been introduced by the authors of | ]

Definition 1.1
Let (X, D) be a smooth log pair, with D = >"7_, D;. The logarithmic cotangent bundle Qx (log D)
is said almost ample if it satisfies

IB—s—((olP’(Qx(logD)(1)) = U P (O%le) !
Ic{1,,c}
[I|<n

The following weaker property is used instead in the paper | ].

Definition 1.2
The logarithmic cotangent bundle Qx (log D) is ample modulo D if it satisfies

PB4 (Op(ay (og 0y(1))) = D,

where p : P(Qx (log D)) — X is the canonical projection.
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There are now many examples for which the logarithmic cotangent bundle is big.

e ¢c>nand D; € |[L™|, for a very ample line bundle L and m > (4n)"*2 ( | B
e X =P? ¢ =2 with small lower bounds on the degrees of the curve ( | D;

e X =P% c=1,degD > 14 (| D;

e X =P c=1,degD >593 (| )

o X =P" withe> (] D

Nevertheless, if one asks for a stronger positivity property, there are up to now very few results.
The first one in this direction is due to Noguchi. It concerns general arrangements of lines in P2.
It can be formulated with our vocabulary as follows.

Proposition 1.3 ( [ D
The logarithmic tangent bundle along an arrangement D of ¢ > 6 lines in general position with
respect to hyperplanes and quadrics is ample modulo D.

This has been generalized to higher dimension in | ly-

Theorem 1.4 (Theorem A, | D
The logarithmic cotangent bundle along an arrangement <7 of ¢ > ( ) hyperplanes in P™ in
general position with respect to hyperplanes and to quadrics is ample modulo <7 .

n+2
2

On the other side, the logarithmic cotangent bundle associated to a smooth pair (X, D) is almost
ample when the degree of the irreducible components of D is very large.

Theorem 1.5 ( | D
Let X be a smooth projective variety of dimension n and let ¢ > n. Let L be a very ample line
bundle on X. For any m > (4n)"*2 and for general hypersurfaces Hy,--- ,H. € |L™|, writing

D =", H;, the logarithmic cotangent bundle Qx (log D) is almost ample.

More generally, we can ask similar questions in the orbifold case, which interpolates between the
compact and the logarithmic cases. Following Campana (see [ ]), a smooth orbifold is a
pair (X, A) where X is a smooth complex projective variety and A is a Q-divisor with normal
crossings support and coefficients in Q N [0,1]. One can define a sheaf Q'(X, A) of differential
forms with ‘fractional’ poles: these are actually holomorphic forms living on a suitable ramified
covering of X.

1.2 Results

In this paper, we focus on complements of hyperplane arrangements in P, n > 2. In this very
specific case, we first show that the two notions of positivity for the logarithmic cotangent bundle
are in fact equivalent.

Theorem A (Theorem 3.10)

Let D = Zf;é H; be a hyperplane arrangement in general position in P™. Then Qpn (log D)

is ample modulo D if, and only if, it is almost ample.




Our motivation for this paper is the recent paper | ]. The authors obtained the following
result.

Theorem 1.6 (Theorem A in |
Let D be an arrangement of ¢ > (2"2‘”'2) hyperplanes in general position with respect to hyperplanes
and quadrics. Then the associated logarithmic cotangent bundle is ample modulo D.

However, they had no evidence in favour of the optimality of the required condition.
They derived a similar result, in the orbifold setting.
Theorem 1.7 (Theorem B in | D

The orbifold cotangent bundle along an arrangement D of ¢ > ( hyperplanes in P™ in general

position with respect to hyperplanes and quadrics, with multiplicities > 2n + 2, is ample modulo
D.

")

In this paper, we improve the lower bound on the number of components of a general arrangement.

Theorem B (Theorem 4.1)

Let D = Zf;é H; be a hyperplane arrangement in general position in P". Then the
corresponding logarithmic cotangent bundle is ample modulo boundary if, and only if
the ¢ hyperplanes impose at least 4n — 2 independent conditions on quadrics.

In particular, one needs at least 4n — 2 components. Moreover, this theorem includes the fact
that the genericity condition is optimal.

We also obtain an orbifold version of Theorem B, which also improves | ].

Theorem C (Theorem 5.5)

Let A = Y7_,(1 — 1/m;)H; be an orbifold divisor in P", where the components H; are
hyperplanes in general position. Assume that m; > 2n for all i. Then the orbifold cotangent
bundle Q(P™, A) is ample modulo D if, and only if, the ¢ hyperplanes impose at least 4n — 2
independent conditions on quadrics.

When the logarithmic cotangent bundle is ample modulo D, it is not difficult to see that the
complement X \ D is hyperbolic in the sens of Brody. This comes from a classical fact concerning
entire curves. In our last part, we give two applications in hyperbolicity, which we are new to
the best of our knowledge.

Theorem D

Consider an arrangement of ¢ hyperplanes Hy, ..., H._1 in P" in general position in P™, with
respective orbifold multiplicities m;, and the associated orbifold divisor A = Zf;é (1—-1/m;)-
H;. If m; > 2n and the hyperplanes H; impose at least 4n — 2 independent conditions on
quadrics, the orbifold pair (P™, A) is Kobayashi-hyperbolic.

The second concerns hyperbolicity of a very specific type of Fermat complete intersections.
Theorem E

The Fermat cover associated to an arrangement of d > 4n — 2 hyperplanes in P in general
position, which impose at least 4n — 2 independent conditions on quadrics, with ramification



m > 2n + 1, is Kobayashi-hyperbolic.

In the last part of this paper, concerning applications of our results in hyperbolicity, the statements
are exactly the same with the bounds replaced. For this reason, we refer to | ] for the detailed
proofs.

1.3 Organisation of the paper

In a first section, we give some definition and basic results concerning log pairs. We prove a
characterization of the augmented base locus for the augmented base locus of a globally generated
line bundle. We study more carefully the structure of the logarithmic cotangent bundle associated
to a hyperplane arrangement. In particular, we prove theorem A.

The second section is mainly devoted to the proof of theorem B.

In the next section, we give a brief overview of Campana’s theory of orbifolds, and we prove
theorem C, which is more or less an extension of theorem B in this context.

Finally, we give some applications of our results concerning hyperbolicity of orbifold pairs and
Fermat-type complete intersections.

2 Some projective geometry

In this section, we discuss topics of classical algebraic geometry that will be used thereafter.

2.1 Varieties of linear spaces

Let G(k,n) = Grass(k 4+ 1,n + 1) be the Grassmannian of k—linear subspaces in P". This is a
subvariety of P(A\"T C"*1) of dimension (k+1)(n—k). We define a subvariety ¥ C G(k, n) x P™
by setting

Y ={(Zp)peZ}

Let 71, o be the projection maps from ¥ to G(k,n) and P™ respectively. We can make use of ¥
to construct subvarieties of P swept out by k-planes.

Proposition 2.1
Let ® C G(k,n) be any subvariety. Then

X=|J Z=mlr" (@)
Zed

is a subvariety of P".
2.1.1 Rational normal scrolls

A particular case of this construction is obtained when ® =2 P!, Let k > 2. A subvariety X C P»
given as the union
X={J 2

AEPL



of a 1-parameter family of (k — 1)—planes is named a rational normal k-fold scroll.
One can show ( | ], Theorem 19.9) that X has minimal degree 1+ n — k.

In particular, a hypersurface scroll X is a quadric. According to | |, Ex 8.36, X can also be
characterised equivalently as:

e a quadric of rank 3 or 4, in the sense that the symmetric matrix representing X has rank
3 or 4;

e a cone over a plane conic or a smooth quadric surface in P?;

e an irreducible quadric containing an (n — 2)-plane.

2.2 Dual varieties

Consider the n-dimensional projective space P". The dual projective space (P™)* is defined as
the projective space parameterising hyperplanes in P™.

Let X be a subvariety of P™ of dimension k. We define the dual variety X* C (P")* to be the
closure of the set of all hyperplanes tangent to X at a smooth point.

Restricting first to the case where X is a smooth hypersurface, we may also say that X* is the
locus of hyperplanes H C P™ such that the intersection H N X is singular. It is indeed a variety
since it is the image of X under the Gauss map ¥x, a morphism sending a point p € X to its
embedded tangent hyperplane T, X; in coordinates, if f is a homogeneous polynomial defining
X, the Gauss morphism is given by

oF oF
TZO(P) St @(P)

If X C P™ is a smooth hypersurface of degree d > 2, the morphism ¥ is birational onto its image
as well as finite. The dual X™* is then again a hypersurface, though in general highly singular
(never smooth if d > 3). One can compute its degree deg X* = d(d — 1)"~!. In particular, the
dual of a smooth quadric hypersurface is again a smooth quadric.

gx:p*—)

In the general situation, we define the conormal variety as the closure CX of the incidence

correspondence
{(p,H) e P" x (P")"|p € Xsm and T, X C H}.

The dual variety X* is then naturally defined as the image m(C'X) C P™ of the second
projection.

A fundamental result concerning dual varieties is the reflexivity theorem.

Theorem 2.2

Let X C P™ be an irreducible variety and X* C P™* its dual. Then the conormal variety
CX CP" x P is equal to CX* C P™ x P* 2 P" x P, It follows that (X*)* = X : the dual
of a variety is the variety itself.

Considering a (possibly singular) subvariety X C P™, what can the dimension of X* be? One
computes easily the dimension of CX: the fibre of the first projection map CX — X over
a smooth point p € X, is simply the subspace P"~#~1 C P™* of hyperplanes containing the
k—planeT, X. Hence the inverse image in C'X of the smooth locus of X is irreducible of dimension
n — 1. We conclude that X* is irreducible of dimension less than n — 1, and that it should be
(n — 1)— dimensional in most cases. More precisely, X* has dimension n — 1 exactly when the
general tangent hyperplane to X is tangent at only finitely many points.



Example 2.3

A situation where X* fails to be a hypersurface is when the tangent hyperplanes are constant
along subvarieties of X : for example, when we have a variety ruled by linear subspaces, as cones
over subvarieties of P". Typical examples are given by rational normal scrolls of dimension k > 3.
Recall that a k-dimensional scroll X = Jycp1 Zx is a variety ruled in Pk=1’s. The tangent plane
T,X at any point p € X will naturally contain the (k — 1)-plane Zy of the ruling through p. We
conclude that the general fibre of the second projection CX — P™* is (k —2)-dimensional, so that
X* has dimension n — k + 1.

For instance, if X is a hypersurface scroll in P™, or in other words a quadric hypersurface of
rank r > 4, then its dual X* is a surface inside a P® in the non-degenerate case (r = 4) and a
plane conic curve otherwise.

3 Positivity of the logarithmic cotangent bundle

3.1 Conventions

Let X be a smooth complex projective variety.

For a vector bundle F on X, we denote by P(F) the bundle of rank one quotients of E and by
Op(g)(1) the tautological line bundle. We often identify P(£) with the projective space of lines
P(EY) of the dual of FE.

If L is a line bundle over X, its stable base locus is B(L) = [,y Bs(L®™). For m large and
divisible enough, we have B(L) = Bs(L®™). We define its augmented base locus as

By(L):=(|BIL @A)
peN

where A is any ample divisor on X. Clearly L is ample if and only if B, (L) = 0, and L is big
if and only if By (L) # X. In this last case, its complement is the largest Zariski-open subset
U C X \ B(L) such that the restriction of the map

Opm|y : U — P(HY (X, LE™))

is an isomorphism onto its image, for all m > 1 divisible enough.

If D=3, ;D; is an R—divisor on X, we write as [D] = . D; the associated reduced divisor
and |D| its support.

3.2 Positivity of logarithmic pairs

Let (X, D) be a smooth log pair, that is, X is a smooth projective variety and D is a simple
normal crossings divisor. The logarithmic tangent bundle T'x (—log D) is defined as the locally
free subsheaf of T'x of vector fields tangent to D. If (z1,..., z,,) are local coordinates on an open
set U C X such that UN D = (21 ...z, =0), then Tx(—log D)|y is generated by

Lo 0 9 9
Y02 02, 0zppn T 02



Its dual is the Ox—module of meromorphic 1-forms with at most logarithmic poles, locally

generated by the forms
d dz,
ﬁ,...,i,dzr+1,...,dzn.
Z1 Zr
It is called the logarithmic cotangent bundle of the pair and denoted Qx (log D).

Write D = 7, ;. D; the decomposition of D into irreducible components, and D(I) = >, .; D;
for I C {1,...,c}. Then the logarithmic cotangent bundle fits in the residue exact sequence

0— QX — Qx(IOgD) %} @ODl — 0.

K2

Here the residue morphism is given over any open subset U C X by

Res (a + Z Bi d;i
i=1

?

) = (Bilp, )1<i<es

where o; is a section defining D; over U.

We have several other residue exact sequences corresponding to the various subsets of components

of D
0 — Qx (log D(I%)) — Qx(log D) =3 P Op, — 0.
il
Its restriction to Dy leads to a trivial quotient

Res
Qx(log D)|p, — OF!

which induces an inclusion

Dy :=P(OF") = Dy x P'™" — P(Qx (log D)).

Hence we see that the logarithmic cotangent bundle is never ample if D is not empty.

The projectivisation of these quotients are all the unavoidable obstructions to the ampleness of
the tautological bundle in the projectivised cotangent bundle, see | ]. A natural question to
ask then is whether these are the only ones.

Definition 3.1
We say that the pair (X, D) has almost ample logarithmic cotangent bundle if

B, (Opax (0g D)) (1)) C U Dy.
[1]<n—1

We will also consider the following slightly weaker notion.

Definition 3.2
Let p : P(Qx(log D)) — X be the natural projection. The logarithmic cotangent bundle is said
ample modulo boundary if p(B, (Opa (10g D)) (1)) = D.



3.3 The map ¢

Let L — X be a holomorphic line bundle on a smooth projective variety X. The evaluation map
HY(X,L)® Ox — L

induces a rational map
¢y : X -—»PHY(X,L).

By definition, L is ample (resp. big) if and only if ® = is an embedding (resp. is birational onto
its image) for some m > 0. If L is globally generated, ®;, is a morphism, which we will denote
® is there is no ambiguity.

We have the following characterisation of the augmented base locus.

Proposition 3.3
With the above notations, suppose that L is globally generated. Then the augmented base locus
B, (L) is the union of all positive-dimensional fibres of ®y,, i.e.

By (L) = {w € X;dim®, ' (®r(w)) > 0}.

Proof: Since L is globally generated, ®, is a well-defined morphism on X and L = ®7 Opgo(x,1)(1).
So we can apply lemma 3.5 below with A = Opgo(x,1)(1). |

Recall a theorem of Nakamaye concerning the augmented base locus.

Theorem 3.4 (Nakamaye)
Let L be a big and nef line bundle on a smooth projective variety X. Then

B.(L)= |J =z
ZcX
Z_Ldim Z:O

In particular, it implies the following characterization of the augmented base locus.

Lemma 3.5 Let Y be a projective variety and consider a regular morphism f : X — Y. For
any ample line bundle A on Y, the augmented base locus of f*A is the union of the positive-
dimensional fibres of f, i.e.

B, (f*A) = {z € X;dim, f*({f(z)}) > 0} =: NFL(f).
Proof: By Nakamaye’s theorem,
By(f*A) = U =z
ZcX
Z.f* AdimZ_g

If Z C X is not contained in NFL(f), then the restriction f|z is generically finite. But this
implies that ' '
Z- frAZ = (deg flz)f(Z) - A7 > 0.

The reverse inclusion is straightforward since by definition

f(NFL(f)) . AdimNFL(f) —0.



3.4 The case of hyperplane arrangements

Let us now study the special case of hyperplane arrangements in P". We start with two
observations.

Lemma 3.6 (Brotbek-Deng ’18 | ], Prop. 4.1) Let D =3¢ | D; be a simple normal
crossings divisor in P with ¢ < n. Then for any m > 0,

HO(P™, S™Qpn (log D) @ Opn (—1)) = 0.
In particular, Qp~(log D) is not almost ample.

Lemma 3.7 (| ], Prop. 4.2) If D = 7 | D; is an arrangement of ¢ hypersurfaces
in general position in P", then the associated logarithmic cotangent bundle has irreqularity
RO(P™, Qpn (log D)) = ¢ — 1.

Proof: For 1 < i < ¢, let s, € H°(P",O()\;)) be a section defining the hypersurfaces D;. We
claim that the forms w; = A\dlogs; — A;dlog sy form a basis of global sections of Qpn (log D).
First, these are indeed well-defined global sections. If we denote respectively by z1,...,z, and
Y1,---,Yn the standard affine coordinates over the open subsets Uy = {Zy # 0} and Uy = {Z; #
0}, we have over Uy N Uy

Midlog s;(z) — Aidlog s1(z) = Adlog(z si(y)) — Midlog(z7 51 (y))
= Aidlog s;(y) — Aidlog s1(y).

The residue exact sequence induces a long exact sequence in cohomology

0 — HO(P", Qpn (log D)) 23 D HO(D;, Op,) = C° -5 H(P™, Qpn).

=1

If we denote by e; € H(D;,Op,) the constant section equal to 1, we compute Res(w;) =
Are; — Ajer. As a consequence, we get A1d(e;) = A\;d(e1). In particular, the map § has rank 1, so
that the dimension of H°(P", Qpx(log D)) is exactly ¢ — 1.

Lemma 3.8 The logarithmic cotangent bundle associated with an arrangement of ¢ > n + 1
hyperplanes H; in general position in P™ is globally generated.

Proof: Without loss of generality, we can assume that H; = (Z; = 0) for j = 0,...,n. The

forms w; = dzi — % are global sections of Qpn(log D). Hence a point z in the base locus of

Qpn (log D) would satisfy Z;&0 — Zo&; = 0 for every & € P, which is impossible.

From now on, we fix an arrangement D = Z?:"_Ok H; of n+ k+ 1> n+ 2 hyperplanes in general

position in P". Without loss of generality, we assume that the first n + 1 components are the
coordinate hyperplanes. For i = 1,...,k, let ¢; = a{Zy + --- + a,Z,, be a linear form defining
the hyperplane H,, ;.

In view of proposition 3.3, we have to compute the fibres of the map & := @OP(QM(IOg by (1) I

order to study the augmented base locus of Qpn(log D). To do so, we describe explicitly the
morphism ® local in coordinates.



Let us work on the affine chart Uy = {Zy # 0} C P" with standard coordinates z1,...,z,. By
the proof of lemma 3.7, a basis of global sections of Qpx (log D) is given by

dz dzn dlq dly,

P

21 51 ’E.

On the open set U = UpN(;; . 1 (¢; # 0), a frame for Tp~ (—log D) is given by z1 8%1, e zn%.
Therefore, we may identify P(Qpn (log D)|r) with U x P*~1 via

UxPr—1 P(Qpn (log D)|y)
(27[5]) — (Z, [§1Z1%++§nzn%})

Since Qpr (log D) is globally generated with irregularity h°(P", Qpn (log D)) = n + k, we have a
quotient
HY(P", Qpn (log D)) @ Opn — Qpn(log D) — 0

inducing a map

® : P(Qpn (log D)) — P(H° (P, Qpn (log D)) @ Opn) =~ P* x PrHr=1 _, prik-1,

The morphism @ restricted to U then has the following expression:

dz dz, dﬁ dé
@(z,[£1:-~-:«sn])=[fo:m R SR AR f}
_ e, £ Z;L 1 ]EJZ] R Z? 1akszj
0 + Z] 1 ] aO + Z] 1 J
From this we can obtain an explicit description of the fibres of ®|y;. Take a vector V= [V :---:
Vo : Wi i W] € P7+k=1. The fibre of ®|; above V is described by
_ & = AV, i=1,....n
D(z, [£]) V<:>{ S (V;— W)z = 0, I=1... .k for some A € C\ {0}.

Therefore

(@) NU =1 (21,- -+, 20 ,Za (V; =Wy)z; =0foralll=1,...,k p,
j=
which is a linear subspace of P™ (to simplify notations, we let here zg = 1 and &, = Vp = 0).

Note that we can work out the same proof for any open subset }P’"\Uigl H;, |I| = n, up to a linear
coordinate change. Since linear subspaces keep the same shape after a linear transformation, the
result holds on the whole of P™.

Together with the results of 3.3, we have therefore proven that:
Proposition 3.9

The logarithmic cotangent bundle Qpr (log D) fails to be ample modulo D if and only if the
projection of the augmented base locus B (Op(q,. (10g D)) (1)) contains a line not in Supp D.

10



In other words, Qpn(log D) is ample modulo D if and only if its restriction to any line
I ¢ Supp D is ample.

3.5 Construction of obstruction lines

In this section, we will use some vocabulary and results of | ]. We introduce some notations.
Denote by (P™)* the dual projective n-space, that is the projective space of hyperplanes in P".
For a linear subspace Z of P, we denote by Z* the dual of Z, i.e. the projective space of
hyperplanes containing Z. This a subspace of (P")* of dimension codim(Z) — 1.

As in subsection 3.4, we consider a logarithmic pair (P", D), where D = Hy + -+ + H, 1 is
an arrangement of n + k + 1 > n + 2 hyperplanes in general position. Remark that we can
already assume that we have at least 2n + 1 hyperplanes: P™\ D is indeed Kobayashi-hyperbolic
if Qpn(log D) is ample modulo D (see e.g. | ]), and it is well-known that the complement
of 2n hyperplanes in P™ is never hyperbolic. We assume without loss of generality that the n+1
first components are the coordinates hyperplanes, i.e. H; = (Z; =0) for i = 0,...,n. We aim to
prove the following result.

Theorem 3.10
The logarithmic cotangent bundle of the pair (P™, D) fails to be ample modulo D if, and

only if, there exists a line | ¢ D such that [* = P"~2 and the points H} are contained in a
same quadric hypersurface in P™*.

Let us first explain how this condition is translated in the original space P". Let X C P™* denote
a quadric hypersurface containing an (n — 2)-plane. According to | ], X is a quadric of rank
< 4, swept out by a l-parameter family of (n — 2)-planes: X = [J,cp1 Zx. We have seen in 2.3
that the dual variety X* is in general a non-degenerate quadric surface contained in a P3 C P
(when X has rank < 3, X is a cone over a plane conic, and X* is also a cone over the dual conic
curve). It is actually a ruled surface P! x P!, whose two rulings correspond dually to the two
rulings in P~ 2’s of X.

Remark 3.11 Consequently, the condition that the hyperplanes H; belong to a same quadric
rational scroll X in P™ means that the H; are all tangent to the dual quadric surface X* C P".

For simplicity, considering n + k 4+ 1 hyperplanes Hy, ..., H,+ in general position in P, we
introduce the following property. Theorem 3.10 asserts that this is equivalent to Qpn(log D)
being ample modulo D.

Condition % The points Hg, ..., H} , in the dual projective space P"* corresponding to
the hyperplanes Hy, . .., H,4+1 do not belong to a same quadric hypersurface of rank at most
4.

Corollary 3.12

The logarithmic cotangent bundle of the pair (P™, D) is ample modulo D if, and only if,
the hyperplanes H; impose at least 4n — 2 linearly independent conditions on quadrics. In
particular, if D has no more than 4n — 3 components, there always exist obstructions to
ampleness away from D.

11



Note that for n = 2, we retrieve Noguchi’s result with six lines on P". For n = 3, we obtain the
same bound as in | ], but as soon as n > 4, our result is strictly better.

Proof: Following the previous section, the strategy of the proof relies on the search for lines
contracted by the map ®. Since the logarithmic cotangent bundle is globally generated, ® is a
morphism and an embedding when restricted to each fibre of the projection P(Qpn (log D)) — P™.
According to the proposition 3.15 below, there exists a line [ ¢ Supp D contracted by ® if, and
only if, there exists a degree 1 rational map | — Hy preserving each component H;. Applying
further 3.16, producing such a map amounts to the fact that the points of (P")* corresponding
to the hyperplanes H; lie on a same quadric X of rank < 4.

Moreover, we can compute the dimension of the space of quadrics of rank < 4 on P". Choosing
such a form amounts to taking a 4-codimensional subspace of C™t! together with a quadratic
form on C*. We find that the dimension equals 4(n — 3) + 4%2 — 1 = 4n — 3.

This ends the proof of both the theorem and its corollary. |

We shall now prove in two main steps why the existence of such obstruction lines away from
Supp D is equivalent to the above condition concerning quadrics.

Let us first give some terminology.
Definition 3.13 ( | D

A line Il C P™ is called superjumping for the pair (P™, D) if the restriction Qpn(log D)|; is not
ample.

Using the residue exact sequence, it is clear that all the lines belonging to Supp D are superjumping.

In other words, the logarithmic cotangent bundle Qp~ (log D) is ample modulo boundary if and
only if there is no superjumping line away from Supp D. The following characterisation of
superjumping lines is straightforward.

Lemma 3.14

A line l C P™ is superjumping if, and only if, the restriction Tpn (—log D)|; of the logarithmic
tangent bundle has a non-vanishing global section.

Proof: Recall that a vector bundle on P! can be decomposed as a direct sum of line bundles.
Since Qpr (log D)|; is globally generated, there exist positive integers ay, ..., a, such that

Qpn(log D)y = Oy(ar) ® -+ - & Oy(a,) ® (I)l@rkr7

so that
Tpn (—log D)|s = Oy(~a1) @ --- ® Oy(—a,) & OF" ",

By definition, the line [ is superjumping if r < n, d.e. if there is a trivial factor in the
decomposition of Tpn (— log D)|;. ]

The next proposition is the key argument in the proof of the theorem. Note that even though
this results appears as Prop. 7.5 in [ ], our proof is completely different and self-contained.
Ours is geometric and constructs explicitly the map whereas the authors of | ] use algebraic
constructions called elementary transformations, in order to reconstruct inductively the logarithmic
cotangent bundle, adding each component of D one by one.
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Proposition 3.15

Let | be a line not lying in any hyperplane H;. Denote by p; the point corresponding to H;
in the dual projective space (P")*, and by Z the 2-codimensional linear subspace of (P™)*
corresponding to l. Then the following are equivalent:

1. there exists a non-zero (even non-vanishing) global section of the bundle Tp~ (—log D)|;;

2. there exists a regular map v : | — Hy of degree 1 such that for all 1 < i < n + k,
Yv(NH;) C Hyn H,;.

Proof: We are going to construct in coordinates the desired map. Let X, ..., X,, be homogeneous
coordinates on P™ such that Hy = (Xo =0) and [ = (X3 = --- = X,, = 0). On the open subset

Uy = P\ Hy, consider the inhomogeneous coordinates (z1,...,2,) = (X1/Xo,...,Xn/Xo)-

Then z; defines a coordinate on [\ Hy ~ C.

Assume first that there exists & € HO(l, Tpn (—log D)|;) \ {0}. We can write

0 0
§= 51(21)5721 +"'+fn(21)£

for some holomorphic functions &; : C — C.
Define now inhomogeneous coordinates on Uy = P" \ {X; = 0} by

(l‘o,IQ, e ,In) = (Xo/Xl,XQ/Xl, e ,Xn/Xl) = (1/2’1,22/2’1, . ,Zn/zl)-
The Jacobian matrix associated to this change of coordinates in Uy N U; is given by
—1/22 o - 0

—2/22 1/z

: 0
—Zn/Z% R VA

On [N Uy N Uy, the vector field £ writes as

€(1/20) =~ (1/10) 3+ a0al1/10) g+ + o1 /0) 5

Since ¢ needs to be holomorphic, the functions 23¢; (1/z0), T0€2(1/70), - . ., 20&n(1/20) are holomorphic
in the variable z. This shows that the holomorphic functions z; : C — C are in fact polynomials,

of degree < 2 for j = 1 and < 1 otherwise. Moreover, £ € HO(I, Tpn (— log Hy)|;), so we can write,

for some holomorphic function g,

—33(2)51 (;) = 20g(z0)-

It follows that &; also has degree < 1.
Define naturally a map by

l
z = [0:86(2): - &u(2)]

13



By lemma 3.14, a global section of Tpr (— log D) come from the trivial factors of the decomposition,
so vanishes nowhere. Hence v is well-defined. By definition, £ is tangent to every component of
D; this directly implies that 1) sends each H; into itself.

Conversely, assume that we are given a degree 1 map ¢ : | — Hyp as above. Over Uy = P™ \ Hy,
write  =[0: & : -+ : &,], and choose representatives &;, which are degree 1 polynomials in the
variable z;. Then we can define a non-trivial logarithmic vector field by

€= D 6 (e0) o € HOU\ Ho, Ton (~ log Ho)lh).
J

j=1
By construction, one has {(I N Hj) € Ting, H; for all j, hence

€€ H(I\ Hy, Tpn (—log D));).

More concretely, given a global logarithmic vector field ¢ € HO(I, Tpn (—log D)|;), we construct
the map v : I — Hy in the following way (see figures 1 and2 below for illustrations of the 2-
and 3-dimensional cases): starting from a point ¢ in [, we have a tangent vector to [ at x, which
uniquely defines a line L, through z. Denote by 1 (z) the intersection point of L, with Hy. By
definition, the sections of Tpn(—log D)|; are those vector fields tangent to all H;’s. Hence, if
x € H; N1, the point ¢ (x) is also in H;.

Figure 1: Lines in P2
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X" : dual quadric
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Figure 2: Construction for planes in P3
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Let po,...,pn+r be the points of (P™)* corresponding dually to the hyperplanes Ho,..., Hy+k
and let W = [* C (P™)* be the (n — 2)-plane of hyperplanes in P containing /. Assume that
there exists a quadric hypersurface X C (P™)* containing W, pq, . . ., Pntk-

The inclusion WU {po, ...,p.} C X means that the line [ and all the hyperplanes H; are tangent
to the dual surface X™* at some points.

The next proposition provides a necessary and sufficient condition for the existence of such a
quadric hypersurface.

Proposition 3.16

Consider ¢ + 1 points p,p1,...,p. in general position in P*, and a (n — 2)-plane W disjoint
from {po,p1,...,pc}t. Fori =1,... ¢, denote by L; = (W,p;) the hyperplane generated by
W and p;. The following two assertions are equivalent.

1. There exists a quadric hypersurface scroll X C P™ containing W and all the points p;.

2. There exists a degree 1 map ¢ : P = W* — P"~1 = p such that 1 (L;) contains the
pOth Pi and d)(Lo) 7é LQ.

Proof: 1. Consider a degree 1 map 1 as described in the statement. Then ¢ sends W* = P!
to a line in P! 2 ps.
The intersection W' = [, .y« ¥(L) is therefore another (n — 2)-plane.
Define a subset of P™ by
X@w)= |J Lny(@).

LeWw*

It contains W as well as the points p;. Indeed, for any ¢ € W \ W’, there exists a unique
hyperplane (L) containing both W’ and q. It follows that ¢ € LN (L) C X (). Moreover,
by definition of ¥, we know that p; € L; N¢(L;) for all ¢, so that p; € X (¢).

By construction, X (¢) is an (n — 1)-dimensional scroll of degree 2 in P, which contains
wWu {po,...,pc}.

2. Assume the existence of the quadric X. We will show that X is necessarily of the form
X (v) for some map .

The set W* of hyperplanes containing W is a projective line P!. Let Lo, € W* be the
tangent hyperplane to X at any point of W. Since pp € X \ W, py € L.

For any L € W*, the set LN X is a quadric hypersurface inside L, which contains W. Hence
there exists an (n — 2)-plane W (L) such that LN X = W U W(L). One has W(L) # W
except for L = Lo,. Moreover, pg € W(L) only if L = Ly.

We define a map ¢ : W* — p§ by setting (L) =< W(L),po > for L # Ly, and (L) =
T,, X (embedded tangent hyperplane to X at pg). Note that if since p; € X\W, p; € W(L;).
Then v has the desired properties, with (L) = Lo.

Moreover, for any hyperplane L, one has Z(L) = LN (L), and X is described as the union

U Znwy@).

LeWw*

Remark 3.17 We can also understand this construction in the original space P™.
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Consider a ruled quadric surface X = P! x P! containing the line | and tangent to all hyperplanes
H;.

A point p € 1 belongs to two lines of X, one in each ruling. Let [(p) C X be the other line through
p. The map ¢ sends p to the intersection point of l(p) with Hy.

3.6 Almost ampleness

Let (X, D) be a smooth log pair. Whereas being ample modulo D only involves the image of
B, (Opax (og D)) (1)) in X, the stronger notion of almost ampleness reads on the augmented base
locus itself. In general, this last property is strictly stronger. However, in the particular case of
hyperplane arrangements, both are equivalent.

Theorem 3.18

Let D = Z?jok D; be a arrangement of hyperplanes in general position in P". Then

Qpn (log D) is ample modulo D if, and only if, it is almost ample.

Proof: We only need to treat one direction. Assume that the logarithmic cotangent bundle
associated to D is ample modulo D. Then B (Opq (10g p))(1)) € 7 (D).

We will study more carefully the fibres of ® above the strata of D. According to lemma 3.3,
their union forms the augmented base locus B (Op(q (10g D))(1))-

We need to show that ® restricted to 7=1(D) \Ur 1< Dy is injective.

Let I C {0,...,n+k} be a subset of indices of cardinality < n. Up to a linear coordinate change,
we can assume that I = {1,...,r} with r <n.

Again, let us work on the open subset U = (Zy # 0) N[,<;<,(¢; # 0) with standard affine
coordinates (21, ..., 2,). In these coordinates, Dy = {(0,...,0,2z,41,...,2,)} = P* "1 Moreover,
the restricted residue map Res : Qpn (log D)|p,nv — O%i is given by the expression

n

dZZ‘
Res |[p,nu <Z7h ~ > = (M, 7r).
7

i=1

Under the above trivialisation, D; is described as

5 z=0V1<i<r
Dina Y U) =S (z,[6:-:&)]) €U x P! and & =0
Vi>r+1

Remark first that for any J C {0,...,n+k}, 7= (D;)ND; = () unless J C I. This can be easily
checked in coordinates.

For all (z,[¢]) € m~1(Dy), we have

n 1 n k
D=1 6% 2195657

1 n 1, "k n k.
ap+ 2 i1 G52 ag + D i1 @57

@(z,[f}): SRR

Note that for J C I and (z,[£]) € 7~ *(D;) N Dy, one has

D(z,[E) =Ly - L5(r)& :0:---:0].
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In particular, this image is independent of the z-coordinates and ®~1(®(z,[¢])) = D,.
The restriction ®|,-1(p,) is injective out of (J;-; Dy if and only if the corresponding map

T.C"" x (C"\C" x {0}"™") — C" x C" " x C*
is so.
Since the first coordinate map of ®' is given by the identity C™ — C", this is equivalent to the
injectivity of
b.ocnr < (€ \ {0}) — Cnor R (W)
Z;L r+1 _]g]’zj Z;L r+1 gszj >

1 T
a’0+2j:r+1a’jzj ao+ZJ —r+1 ]

(235) — <€T+1a s 7£n

We see that ®|.-1(p,) is injective out of | ;; D whenever the above map ®f : C*~" x C"" —
Cn~"*k is injective out of the corresponding subset. We recognise in equation # the expression
for the morphism associated to the pair (D;, D(I%)|p,). Hence we are reduced to showing that
this arrangement of (n — r) + k + 1 hyperplanes in D; & P*" has almost ample logarithmic
cotangent bundle.

By lemma 3.19 below, we know that this pair already has ample modulo boundary logarithmic
cotangent bundle.

The conclusion follows by induction on the dimension, provided that we prove the case n = 2.
For any (z = (0,22),[&1 : &) € 7= 1(D1 NUp), # reads as

1
al +alzy
0 2<2

(2, [¢]) = [&1: &
A quick computation shows that this map is injective in restriction to

7 (DN Uo) \ Dy = {((0, 22), [&1 = 1))}

Lemma 3.19

Let D = ) g ic,ii Di be an arrangement of n + k + 1 hyperplanes in general position in
P™ satisfying Condition . Then so does the arrangement D(IG)|D1 in Dy 2 Pl for any
subset of indices I of cardinality < n.

Conversely

Proof: We assume for simplicity that I ={0,...,r} and D; = (Z; =0) fori=0,...,r

First, it is clear that the arrangement D(IC)|p, is in general position (i.e. is a normal crossings
divisor).

Assume that the hyperplanes D; N Dy, ¢ =7 +1,--- ,n 4+ k do not satisfy Condition %. Then
one can find a symmetric matrix @’ of size n — r and rank less than 4 such that

ATQ'Ar =0,
then the matrix
_ Or+1 0
o= (5t
satisfies
ATQA=0

and Condition % does not hold for the hyperplanes D;’s in P™.
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3.7 Description of the augmented base locus in terms of the number
of hyperplanes

The proof of theorem 3.10 actually provides a complete description of the image

PB4 (Op(yn (10g D)) (1))
of the augmented base locus of the logarithmic cotangent bundle Qp~ (log D).

Theorem 3.20

The projection
D (B+ (O]P’(Q]pn (log D)) (1)))

is the union of all ruled quadric surfaces which are simultaneously tangent to all hyperplanes
H;. Hence, for 4n — 3 > ¢ > 3n hyperplanes, this locus has dimension 4n — 1 — ¢, and

P (B4 (Op(apn 10 0)) (1)) = P"

ife<3n-—1.

Proof: We know indeed that the locus p(B, (Op(q,. (10g y)(1))) is made of lines. According to
the construction of the previous section, the (n — 2)—plane, dual of any such line, is contained
in some quadric scroll in P™, which also contains the hyperplanes H;’s as points of the dual
projective space. Conversely, for any quadric scroll X containing the H;’s in P™*, the dual of
any P"~2 of its rulings is a ‘bad’ line. If n > 3, it is a line of the quadric surface dual to X.

Consequently, the image of By (Ogq,., (1og p)(1) in P™ is made of Supp D and all the quadric surfaces
that are simultaneously tangent to all the components H;.

Recall that the dimension of the space of quadrics of rank < 4 in P™* equals 4n — 3. In the limit
case ¢ = 4n — 3, for a general choice of hyperplanes (here, the term general is to be understood
as imposing linearly independent conditions on quadrics), there exists a unique quadric X of
rank exactly 4 containing all of them in P™*. Thus B (Og,. (1og p)(1) projects onto DU .S, where
S = X* is a smooth quadric surface.

Similarly, the variety of rank < 4 quadrics containing ¢ general points in P™ has dimension
4n—3 —c. We derive that for a general choice of ¢ hyperplanes, p(B (Op(q,n (1og D)) (1))) \ Supp D
has dimension 2+44n —3 —c = 4n — 1 —c. For ¢ < 3n, this augmented base locus is not anymore
dominant.

We deal separately with the 2-dimensional case, since we do not get surfaces. The ‘problematic’
lines showing up in the proof are the points of any conic in P?* containing all the points H;. In
the original plane P", if there exists a conic C osculating the lines H;, then any other tangent line
is superjumping. We see that these lines shape exactly p(B(Op(q,, (10g p))(1))). If D is made of
five general lines, there exist a unique osculating conic C. In this situation,

p(B-‘r(O]P’(QLPQ (log D))(l))) = SuppD uc

is still a proper subset of P2.
Denote by 3 the closure

PB4 (Op(pn (10g 0)) (1)) \ Supp D

of the complement of Supp D in the projection of the augmented base locus of the logarithmic
cotangent bundle. We have seen that ¥ consists of a union of lines. In addition, the superjumping
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lines were identified, through the construction of the previous section, as the lines of all quadric
surfaces S contained in some P? C P", which are simultaneously tangent to all components of
D.

It is known that any irreducible quadric surface is ruled (it isomorphic to P! x P1). Any surface
S as above is the union of its lines, and is thus entirely contained in Y. We have ultimately
described the locus ¥ as a union of quadric surfaces.

To be more precise, we will determine the dimension of the family of such surfaces .S, depending
on the number of components of D. Recall from the previous sections that such a surface S is
the dual variety of a quadric hypersurface in P™* of rank < 4 containing all the points p; = H;".
First, let us compute the dimension of the variety = of quadric hypersurfaces of rank < 4 in
P™. To do so, we use the characterisation of quadrics of rank at most 4 as quadric hypersurfaces
containing an (n — 2)-plane. The variety = can then be represented as the image under the
second projection of the incidence variety

I ={(Z,X);ZC X} CG(n—2n)xP(")"1,

Fix an (n — 2)-plane Z C P™. What can be the dimension of the fibre 77 *(Z) of the first
projection above Z7 Observe that this fibre is actually the kernel of the linear map

n+2

c("S?) = HO(P", Op. (2)) — HO(Z,04(2)) = C(5),

Hence 7; ' (Z) has dimension (”;rz) - (5)—1=2n.

In the end, we find dim .# = 2n +dimG(n — 2,n) = 2n + 2(n — 1) = 4n — 2. Since the fibre
above a general point of = has dimension 1, we compute dim = = 4n — 3.

We see now that for a general choice of ¢ > 4n—2 hyperplanes in P", the image p(B. (Op(q,n (10g D)) (1)))
of the augmented base locus is empty, since 4n—2 general points can not belong to a same quadric

of rank < 4. If D is made of ¢ < 4n — 3 general components, then the locus X is swept out by a
(4n—3—c)-dimensional family of quadric surfaces, and thus has dimension 4n—3—c+2 = 4n—1—c

for ¢ > 3n. When we have strictly less than 3n components, ¥ is the whole space P™. |

When ¢ < 3n — 1, P" is entirely covered by superjumping lines. However, the augmented base
locus By (Op(q,n (1og D)) (1)) upstairs can still be a proper subset of P(Qp= (log D)). Is it possible
to describe it more precisely?

Assume that 2n < ¢ < 3n— 1. The image p(B,(O(1)) is swept out by a (4n — 3 — ¢)-dimensional
family of P! x P!’s tangent to all the hyperplanes. Therefore, the set of superjumping lines is a
subvariety of G(1,n) = P?"~2 of dimension 4n — 2 — ¢. We remark that for ¢ < 2n, all lines in
P™ are superjumping.

Theorem 3.21

Assume that we have n + 2 < ¢ < 3n — 1 hyperplanes H; in general position in P". Then the
augmented base locus
B4 (Op(9n (1og D)) (1)) C P(Qpr (log D))

has dimension < 4n —1 —c.

Proof: We first show that B (Op(q,. (10g p))(1)) equals exactly the union over all superjumping
lines [ of the curves P(O;) induced by trivial quotients of Qp~ (log D).

Write ¢ = n+ &k + 1 with £ < 1 and let the notation be as in subsection 3.4. We work in the
standard affine coordinates associated to the open subset P\ Hy = {Z; # 0}.
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Let
(z,§ = Zgz ) € B ( OIP’ (Qpn (log D)) (1)) \p_l(D)

anddenoteforalli:1,...,nand]:1,...,k,

V=&,V = L 14T
T e
so that ®(x,€) = [Vi : --+ : Vyx]. Then the fibre Z = &~ 1(®(x,&)) is positive-dimensional

and x belongs to some superjumping line I C p(Z). The inclusion [ C p(Z) shows that any
z=1(z1,...,2n) €1\ Hyp satisfies the equations

Zagzi(vn-&-j - V;)=0.
i=0

One can extend the vector field

defined on [\ Hy as a never-vanishing holomorphic global section of Tp»(—log D)|;. In other
words, there is a trivial quotient O; of Qpr (log D)|; such that (z,&) € P(O;).

In order to compute the dimension of B (Op(q,n (10g D)) (1)), we will ‘count’ all such curves P(O;).
Above each surface P' x P! composing p(B (Opayn (10g p))(1))) lives a 1-parameter family of
P(O;) inside B, (Op(qun (10g D)) (1)). Therefore, the augmented base locus has dimension at most
n—-2—-c+1l=4n—-1-c. u

If ¢ < 2n, the morphism ® : P(Qpx (log D)) — P°~2 cannot be generically finite, since ¢ — 2 <
2n —2 < 2n — 1 = dim P(Qpn (log D)). We deduce

Corollary 3.22 The logarithmic cotangent bundle associated to ¢ general hyperplanes is big if
and only if ¢ > 2n + 1.

Remark 3.23 Note that ¢ = 2n+ 1 is also the bound for Brody-hyperbolicity of the complement
P\ D.

4 Orbifolds

4.1 Campana’s orbifold category

In what follows, the term orbifold will refer to a geometric orbifold pair as defined by Campana.
We refer for the basic notions concerning orbifolds to the papers | L ] or | 1,
for instance.

Definition 4.1

A smooth orbifold pair is a pair (X,A) where X is a smooth projective variety and A is an
effective Q-divisor with coefficients in [0,1] and normal crossings support. In analogy with
ramification divisors, we will write it under the form A = 37, (1 — )DZ where the D; are
prime irreducible divisors and m; € Q>1U{oco}. Here, we will only conszder integer multiplicities
my;.

We denote |A| = SuppA = > D; and [A] =3, D;.

iel,m;>1
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When the m; are all infinite (resp. equal to 1), we recover the classical logarithmic (resp.
compact) case. One can then naturally regard orbifolds as an interpolation between the compact
and the logarithmic cases.

As in the logarithmic case, we would like to define orbifold differential forms as meromorphic
differential forms over X having singularities of order “at most 1—1/m; along each D,”; formally,

in some adapted local coordinates, the bundle € x a) of orbifold 1-forms would be generated over

de,
1-1/m;
Z; /mi

Ox by the forms . Even though this is not directly possible, one can define these bundles
through appropria‘ée ramified coverings turning A into an integral divisor.

Definition 4.2
Let' Y be a smooth projective variety. A Galois covering w : Y — X is adapted to the orbifold
pair (X, A) if it satisfies the following conditions:

1. for any irreducible component D;, we have m*D; = p; D;, where p; is a multiple of m; and
D; has at most simple normal crossings;

2. both the supports of m™* A+Ram(w) and the branch locus of ™ have at most normal crossings.
In addition, 7 is said strictly adapted to (X, A) if p; = my for all i.

For a smooth orbifold pair (X, A), there always exists an adapted covering (see Prop. 4.1.12
in [ D.

Let 7 : ¥ — (X,A) be an adapted covering. For any point y € Y, there exists an open
neighbourhood U 3 y, invariant under the action of the isotropy group of y in Aut(w). Hence,
there exist local coordinates w; on U centered at y such that w(U) has coordinates z; centered
at 7(y) satisfying |[A|N7(U) C {z1...2, =0} and

m(wy, ..., wy) = (27,0, 20,

where p; is an integer multiple of the multiplicity m; in A of (z; = 0).
If all multiplicities are infinite (A = [A]), for any adapted covering 7: ¥ — X, we denote
Q(m, A) := 71" Qx (log A).

The orbifold cotangent bundle associated with 7 is then defined as the locally free subsheaf
Q(m, A) of Q(m, [A]) fitting in the short exact sequence

0= Qm,A) = QUm, [A) = @ Orp,jm, = 0.

i€l,m;<oo
Here the quotient is the composition of the pullback of the residue map
7" Res : 7" Qx (log |A]) — @ Oz,
i€l,m;<oo
with the quotients Or+p, = Ox«p, /m,-

It is locally generated in coordinates as above by the elements

pi
w, T (dzi ) = w

—Pi(l—ﬁi)
i

7 (dz;). (*)

We are now able to construct orbifold differential forms on X.
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Definition 4.3
Given an adapted covering w:Y — (X, A), the sheaf of orbifold symmetric differential forms of
order q is the direct image

SR x ) =7 ((S70(r, A))A"M) € 510 (log[A]).

One says that Q(x Ay is big if Q(7, A) is a big vector bundle over Y for some adapted covering
m:Y — X. This is equivalent to saying that for some (or any) ample line bundle over X, there
exits an integer N such that HO(X, SINIQx o) ® A1) # {0}. By definition, the augmented base
locus of Q(x Ay is
B Q) = () () Bs (59000 @ A7)
N>1p/qeQ

for some ample line bundle A over X. Away from [A], this set turns out to be independent of
the covering 7.

Proposition 4.4 ( | D
Over X\|A|, the image of the augmented base locus By (Oy/(1)) by the natural projection
coincides with the orbifold augmented base locus B (Q(x a))-

Theorem 4.5 (Fundamental vanishing theorem)
Let (X, A) be a smooth orbifold with X projective. Fiz an ample line bundle A on X and a global
orbifold symmetric differential

we H'(X,SMNQx a) @ A7),
Then for any orbifold entire curve f: C — (X, A),
ffo=0.
Definition 4.6
The orbifold cotangent bundle Qpn )y is said ample modulo |A] if By (Q(x,a)) C |A].
As in the logarithmic case, it is important to note that the orbifold cotangent bundle cannot be
ample when Supp A # 0.

Lemma 4.7 (see | ], Lemma 3.7) Let (P™,A) be a smooth orbifold pair. Then for any
strictly adapted covering m : Y — P", the orbifold cotangent bundle Qpn Ay has negative quotients
supported on each component of A with finite multiplicity and trivial quotients supported on each
component with infinite multiplicity.

Thus ampleness modulo boundary is the strongest property we can hope for.

4.2 The Fermat cover for hyperplane arrangements

Assume that the hyperplanes have equal orbifold multiplicities. In this particular case, we can
construct a global strictly adapted covering as follows.

For any i =0,...,n+ k, let £; be a linear form defining H;. Without loss of generality, we may
assume that ¢;(2) = Z; for ig,...,n, so that Hy,..., H, are the coordinates hyperplanes, and
we write

€n+j(Z) = ZafZi,j =1,...,k.
=0
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In the projective space P"T* one can identify P™ with the linear subspace

k n
(VH{Xnts =D ai; Xi}.
j=1 i=1

Let Y be the complete Fermat intersection

k n

mo § ym
ﬂ{Xn+j - al’JXi }
j=1 i=1

This is an n-dimensional subvariety of P"**. Then the holomorphic map

Yy — P
[Xo: - Xpwk] — [X§:- X7

n

realises Y as a strictly adapted cover of the pair (P™, A), that is, a Galois covering ramifying
exactly over the hyperplanes H; with ramification order m. This is the Fermat cover associated
with the pair (P, A).

4.3 Ampleness of the orbifold cotangent bundle

In this context, we will prove the following analogue of 3.12.
Theorem 4.8

If the arrangement satisfies % and for all i, m; > 2n, then the orbifold cotangent bundle
Qpn,a) is ample modulo |A|.

Proof: To begin with, increasing the multiplicities m; will always increase the ampleness of

Q(P™, A) (see | ]). Indeed, consider two orbifolds divisors with the same support
n+k n+k
A=Y "(1—1/mi)H;, A = (1-1/m})H;
i=0 =0

such that for each 4, one has m; < m.. We can find a ramified covering = : X — P" which is
adapted for both A and A’. Namely, we have for each 1,

7 D; = pim; E; = pim;E;.

Thanks to the local expression of the sections given in (x), we see that Q(7, A) is a subsheaf of
Q(m, A), and similarly S1Qp. A) is a subsheaf of SUQEn A/ This implies

By (Q2x,a1) CBL(Qx,a))-

Therefore, we can assume without loss of generality that all the m; are equal.

Recall that in subsection 3.4, we characterised a point [Vi : --- : V,4x] € P"**~1 in the image
W of the map ® of Qpr(log |A|) by the following equations, for some (z, [¢]) € Qpn (log|A]). We
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work here in the the open subset {Zy # 0} with standard affine coordinates.

i = & i = &
z . s
(ay+ iy alz)Vor; = i, alzé a0, Varj + 21 @ 2i(Voy; — Vi) = 0

< ker M # {0}

— 1k(M)<n+1.
Here M is the (n + 1) x k-matrix
a(7)L+1(Vn+1 -Vo) - a2+1(Vn+1 — Vi)

ag+k(vn+k - VO) t an,n+k(vn+k - Vn)

setting zop = 1,§y = Vo = 0. Hence W is described by the vanishing of the maximal minors of
M. Moreover, these computations characterise the positive dimensional fibres of ® as the points
V where

rk(M) < n.

Denote by p the projection P(Qpn (log|Al)) — P™. Our goal is to exhibit global orbifold forms
vanishing on an ample divisor, whose base locus is contained in

p (B+(OP(SZP’H (log D)) (1))) .

Consider a component of D, for instance H; = (21 = 0).
The image ®(p~!(H;)) is described by the equations

i = & i = &
s . z
, Ve = , . Vo = &
(ah + i aiz)Vary = Yil,alzé Vi + 20 @i 2i(Vay; — Vi) = 0

< ker M' # {0}

<~ 1k(M')<n
where M’ is the n x k-matrix

(Vo1 = Vo) a3(Vp1 = Vo) -+ al(Vagr — Vo)

ag(vn-i-k - VO) aé(Vn-&-k - V2) co aZ(Vn-i-k - Vn)

Again, a point V' € P"T*~1 belongs to ®(r~1(H;)) if all the n x n-minors vanish at V. Hence,
any n X n-minor I satisfies ®*TI| -1 (z,) = 0, so that

(p*01) "' @* I € H (P(Qpn (log D)), Op(an (1og D)) (1) @ p*Opn (—Hy)) .
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We deduce that for each such II
Bs(®*II) C p(B4(Op(capn (1og D)) (1)))-

For instance, let IT be the minor of M’ made of the first n rows.
Then (p*¢1)~1®*II corresponds to a global symmetric form

w e HO (P, S"Qpn (log D)) @ Opn(—1)) .

The form w has poles only along the hyperplanes Hy, Ho, ..., Ha,. Moreover, each monomial in
w has at most a simple pole along each component H;.

Denote 5

n = Loly - - - Lonw®™ € HO(P", S* Qpn (log D)).
We will show that 7 is an orbifold form as soon as m > 2n.
Indeed, recall the Fermat cover 7 : Y c Prtk — (P™, A) given by

([ Xo - Xngr]) = [X5 -0 X7

n

In these coordinates, for all 7, we have 7*¢; = X and 7* d;i

i

dX;

=mt. Hence

T = X XS X ('t w)

But we know that each monomial in w?" has pole order at most 2n along each component H;,
so that we can write

7 = (XoXa - - Xon)™ 2% € H° (Y, 82"2Qy)

for some holomorphic @. Hence, we have constructed an orbifold form vanishing along an ample
divisor as

W = (bly -+ loy) "'y € HO (IP’", S0 o) ® Opn(_zn)) .
As a consequence of this computation, we get the inclusion
By (Qpr,ay) C Bs(w?") C PB4 (Op(pn (10g D)) (1)))-

We conclude that for multiplicity m > 2n, the orbifold cotangent bundle of the pair (P, A)
is ample modulo boundary whenever Qp~ (log|A|) is, and the statement of the theorem follows
from 3.12.

Note the difference between our orbifold forms and the ones of | ]. While the latter are
explicitly constructed in coordinates, ours have a geometric interpretation and directly come
from some specific logarithmic forms.

5 Applications

In this section, we give some applications of our results to complex hyperbolicity. Note that we
do not claim any originality in some parts of the proofs below, which are exactly the same that
in [ ].
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5.1 An orbifold Brody theorem

We recall the following definition for the Kobayashi pseudo-distance on a smooth manifold X:
it is the largest pseudo-distance dx: X x X — R, such that dx < h*(dp), for any holomorphic
map h: D — X, dp being the Poincaré distance on the unit disk D. We can copy this definition
and adapt it directly to the orbifold setting as below.

Definition 5.1

The orbifold Kobayashi pseudo-distance d(x Ay on an orbifold (X,A) is the largest pseudo-
distance on X \ Supp|A] such that any orbifold morphism h : (D,0) — (X,A) is distance-
decreasing with respect to the Poincaré distance on the unit disk, i.e.

d(X7A) < h*dp.
Remark 5.2 If one considers only classical morphisms h: D — (X, A), one obtains the classical
Kobayashi pseudo-distance d’(kX’A), with clearly dx Ay < d’(kX’A). Over X \ |A|, one has

dx <dix,a) < dix a) < dx\|a|-

As in the usual setting, there is an equivalent definition for the Kobayashi pseudo-distance using
chains of holomorphic disks.

Proposition 5.3
For any z,2" € X \ Supp|A|, the Kobayashi pseudo-distance d(x ) is the infimum of the sums

ZdD(piaQi)

over all finite chains f1,---, fr of orbifold morphisms from D to (X,A) such that f1(p1) =
2, fi(qi) = fira(ps), fr(@r) = 2.

An immediate consequence of the definition is the distance-decreasing property of orbifold
morphisms.
Proposition 5.4
Let h: (X, A) — (X', A7) is an orbifold morphism (resp. classical orbifold morphism). Then
h*d(Xva/) < d(X,A)
(T’esp. h’*d?X/,A') S d?X,A))

Definition 5.5
The orbifold (X, A) is hyperbolic (resp. classically hyperbolic) if the pseudo-distance d(x a) (resp.
d{x n)) is non-degenerate.

A corollary of 5.4 is

Corollary 5.6 Let (X,A) be a hyperbolic orbifold. Then every orbifold morphism f: (C,0) —
(X, A) is constant.

An orbifold entire curve inside (X, A) will naturally be a non-constant orbifold morphism f: C —
(X, A).

In | |, we can find the following generalisation of Brody’s reparametrisation lemma to
orbifolds.
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Theorem 5.7

Let (X,A) be a compact orbifold. Assume that (X,A) is not hyperbolic, i.e. d(x a) is not a
distance. Then there exists a non-constant holomorphic map f : C — X which either is an
orbifold morphism or satisfies f(C) C |A|. Furthermore,

sup [[f'(2)] = [1/(0)]| > 0.

Proposition 5.8 ( [ D

Let (X,A) be a smooth orbifold pair, with A =Y .(1 —1/m;)A;. Assume that a sequence of
orbifold maps h, : D — (X, A) form the unit disk to (X,A) converges locally uniformly to a
holomorphic map h: D — X. Let

Xp = m AiyAh = ﬂ Az
h(D)CA h(D)ZA;

Then h is an orbifold map D — (X}, Ap).

As an immediate consequence, reasoning exactly as in [ |, we obtain the following result.

Theorem 5.9
Consider a smooth orbifold pair (X,A) as above. For a subset of indices I , let Ap = (\,c; A,

and let
A% =301 - 1/my)A,.
J¢I

If all pairs (Ap, A(I%)|a,) are Brody-hyperbolic, then the pair (X,A) is Kobayashi-hyperbolic.

5.2 Application to orbifold hyperbolicity

We have proved the inclusion

By (Qen,a)) € PBL(Orsm (0g ) (1))

From the discussion in section 3.7, we deduce a bound on the dimension of the orbifold augmented
base locus B (2pn a)) away from Supp 4, in case Q(pr a) is not ample modulo Supp A.

As in | ], we infer from our Theorem 4.8 a result about algebraic degeneracy of orbifold
curves.

Corollary 5.10

Consider the orbifold pair

P* A = Z <1—;_)Hz‘

1<i<c

formed by an arrangement of ¢ hyperplanes in general position with orbifold multiplicities
m; > 2n. If the arrangement satisfies %, then the orbifold pair (P", A) is Brody-hyperbolic.
In fact, (P, A) is even Kobayashi-hyperbolic.

This result is not new and follows from Nochka’s Theorem below. Since our proof completely
differs, though, we have chosen to include it.

28



Theorem 5.11 (Nochka | D

Let f : C — P™ be a holomorphic map and let d be the minimal integer such that the image of f
is contained in a d-dimensional subspace. Let Hy,...,H, be hyperplanes in general position in
P™. Assume that the curve f intersects each H; with multiplicity m;. Then

q
Z<1—d> <2n—d+1.
-

i=1 v

As a consequence, if ¢ > 2n+ 2 and m; > 2n, the orbifold pair (P",A =31 (1 —1/m;)H;) is
Brody-hyperbolic.

Proof: According to Theorem 5.9, if (P, A) is not hyperbolic, there exists either a non-constant
orbifold curve f : C — (P", A) or an orbifold curve inside a stratum (A7, A(I%)|5,. By 4.8 and
4.5, all orbifold entire curves C — (P, A) are constant. Hence we are left with the second
possibility. But according to Lemma 3.19, (Aj, A(IB)|AI) is again an orbifold pair satisfying the
conditions of 4.8, so that it cannot contain any non-constant orbifold curve.

We use the description of the augmented base locus provided in 3.7 to refine 5.10.
Theorem 5.12

With the same assumptions, if the hyperplanes impose at least 3n+ k independent conditions
on quadrics, with 1 < k < n — 3, then there exists a Zariski-closed subset ¥ of dimension
k + 2 containing all orbifold curves f : C — (P™, A).

5.3 Hyperbolicity of Fermat covers

Fermat hypersurfaces are one class of varieties for which several hyperbolicity results have been
obtained. For instance, one has the two results of Green.

Theorem 5.13 ( [ ], Ex. 3.10.21)
Let
F(n,d)={[Zo:: Zn; Z§+ -+ Z%, =0} C P!

be the Fermat hypersurface of degree d in P™F1,

1. Ifd > (n+1)2, then every entire curve f : C — F(n,d) has its image contained in a linear
subspace of dimension |n/2].

2. Ifd > (n+1)(n+2), then every entire curve f : C — P"T1\ F(n,d) has its image contained
in a linear subspace of dimension |(n +1)/2].

These results are consequences of Cartan’s truncated defect relation (see [ ], 3.B.42) which,
with the orbifold terminology, gives the linear degeneracy of orbifold curves inside an orbifold pair
(P, > 0<icns1 (1 —1/m)H; attached to an arrangement of n + 2 general hyperplanes, provided

that >°,(1 —n/m)* > n+ 1. The hypersurface F(n,m) is precisely the Fermat cover associated
with this orbifold.

We use now 4.8 to prove the hyperbolicity of Fermat covers with different assumptions.
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Theorem 5.14

The Fermat cover associated with an arrangement of hyperplanes in P imposing at least
4n — 2 linearly independent conditions on quadrics, with ramification m > 2n, is Kobayashi-
hyperbolic.

Proof: Let 7 : Y — (P™, A) be the Fermat cover. It suffices to prove the Brody-hyperbolicity.
Let f: C — Y be an entire curve. According to 4.8, its image f(C) lies in the ramification locus
of the covering 7.

Note that the ramification locus can be seen as the Fermat cover associated to an arrangement of
d > 4n — 3 hyperplanes in P"~!. By lemma 3.19 above, one can still assume that the genericity
conditions of 4.8 are satisfied. Hence we obtain the hyperbolicity of Y.
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