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UNIFORMIZATION OF VARIETIES WITH LOG-CANONICAL
SINGULARITIES

BENOIT CADOREL

ABSTRACT. We study the problem of uniformizing quasi-projective varieties with log-
canonical compactifications. More precisely, given a complex projective variety X
with log-canonical singularities, we give criteria for X to be isomorphic to a Baily-
Borel-Mok compactification of a ball quotient, asking on the one hand the equality
case in a suitable Miyaoka-Yau (MY) inequality, and on the other hand some adequate
assumptions on the singularities. We also give as a result of independent interest that
log-resolutions of log-canonical singularities have their fibers connected by chains of
special varieties in the sense of Campana; this is used in the proof to control the
behaviour of the period map near the exceptional divisors of such resolutions.

We also show that it is necessary to assume that the singularities are at least log-
canonical: some examples of Deligne-Mostow-Deraux can be manipulated to provide
examples of singular varieties satisfying the equality case in MY, while not being
isomorphic to such Baily-Borel-Mok compactifications.

1. INTRODUCTION

Let X = B" / T be a quotient of the complex unit ball by a lattice i.e. a discrete sub-
group I' c Aut(B") with finite Bergman covolume. In the case where X is non-compact,
the work of Baily-Borel [BB66] and Mok [Mok12] implies that X is a quasi-projective
variety, admitting a normal compactification with boundary made of a finite number of
points: X* = Xu{p1,...,pm}. This compactification has log-canonical singularities and
ample canonical bundle Kx+. Possibly after replacing I' by a finite index subgroup, we
may assume that X ¢ X* is smooth, and that all boundary singularities p; are locally
analytically isomorphic to a cone over an abelian variety. In this situation, there exists
a log-resolution X — X where every boundary divisor has discrepancy —1.

The goal of these notes is to investigate under which conditions a given projective
variety can be obtained as such a Baily-Borel-Mok compactification. In dimension
2, the situation is quite well-understood thanks to the work of Kobayashi [Kob85] —
these results can be used to give a criterion for a singular surface to be a ball-quotient
compactification, in terms of equality in some Miyaoka-Yau inequality (see Section 3.1).
It is natural to ask how to extend this type of statements to higher dimensional singular
varieties — assuming for example that the singularities are punctual. As far as the
Miyaoka-Yau inequality is concerned, it is actually possible to obtain such a statement
when X* has log-canonical singularities and is smooth in codimension 2, as follows:

Theorem 0 (= Theorem 5). Let X* be a variety of dimension n > 3, with log-canonical
singularities and smooth in codimension 2. We assume that Kx~ is an ample Q-Cartier
divisor. Then X* satisfies a Miyaoka-Yau inequality:

(2(n+1)co(Tx) -nci(Tx)) K% > 0. (1)
1
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where X ¢ X* is the smooth locus (see Section 3 for more details). In equality case,
there exists a map ¢ : X — B" that is étale everywhere.

Proving the kind of statement above has now become quite classical and can be
done for example using the ideas of Greb-Kebekus-Peternell-Taji [GKPT19a, GKPT19a,
GKPT20]. The inequality can be obtained by first showing the stability of an adequate
Higgs bundle in restriction to a complete intersection surface sitting inside X, the latter
stability boiling down to a Metha-Ramanathan type statement.

The natural question is now to know whether this map ¢ is always a biholomorphism:
that would ensure that X* is indeed the Baily-Borel-Mok compactification of a ball
quotient. The hypothesis on the singularities seems important: it is indeed possible
to contract divisors in some examples of Deligne-Mostow [DM86, DM93] and Deraux
[Der05] to get counter-examples.

Theorem 1. (c¢f. Theorem 6 + Section 4.1) There exist examples of varieties X*
with punctual, non log-canonical singularities and ample cotangent bundle, that satisfy
equality in (1), and that admit a non-isomorphic étale period map ¢ : X > B"™. The
smooth part X cannot be given the structure of a ball quotient.

In these examples, there exist a resolution of singularities X — X with exceptional
divisor D = D1 u...u D,,, such that each D, is a smooth ball quotient: the diagram

X 2. B"

l (2)

X

has a limit near each D;, inducing a totally geodesic embedding D; — B" whose image is
a ball embedded as a hyperplane section in B". The fact that the D, are ball quotients
implies in particular that these singularities of the X are not log-canonical.

We believe that a suitable hypothesis on the singularities of X*, jointly with the
equality case in (1) should be enough for X* to be a Baily-Borel-Mok compactification
— we don’t actually know if it is enough to assume that the singularities of X* are log-
canonical. We managed nonetheless to obtain partial results with stronger assumptions.
This is maybe the main result of this work:

Theorem 2. (=Theorem 11) Let X* be a projective variety with punctual, log-canonical
singularities and ample canonical divisor. Assume that:

(a) there exists a log-resolution of X* where every exceptional divisor has discrepancy
equal to —1;

(b) there is equality in (1).

Then the smooth part X ¢ X* is a ball quotient, and X~ is its Baily-Borel-Mok com-

pactification.

The proof of the theorem consist in studying the asymptotic behavior of the diagram
(2) near the singularities. Again, let X — X* be a resolution of singularities, with
exceptional divisor D. After some computations, essentially based on Schmid’s nilpotent
orbit theorem [Sch73] (or their recent version for C-VHS due to Sabbah-Schnell [SS22],
see also Deng [Den23]), one can induce limiting maps @7 : T — B", where T c D is
any smooth stratum of D. To conclude, we want to show that any such map lands, not
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in B™, but in its boundary dB™. A topological argument permits to reduce the problem
to showing that if o takes its image in B™, then it is actually constant. But now,
remark that o is the period map of a polarized C-VHS. To show that it is constant,
one can try to apply the results of [CDY23], that have as a corollary that a polarized
C-VHS on any quasi-projective manifold that is special in the sense of Campana, has
constant period map (see Theorem 10): this statement should be compared to a similar
isotriviality theorem for families of canonically polarized manifolds, due to Taji [Taj16].

The last piece of the proof then comes from the following theorem, which we believe
is interesting in its own right.

Theorem 3. (= Theorem 7 + Corollary 5.3) Let X be a complex analytic space with
log-canonical singularities. Let w: X — X be a log-resolution of singularities. Then the
fibers of ™ are connected by chains of special varieties.

In addition, if for some x € X, the sets 71 (x) and 7~ (x) un~!(Sing(X)) are both
divisors with normal crossings, and if all discrepancies are equal to —1, then the smooth
locally closed strata of 7 (x) are themselves special quasi-projective varieties.

The previous result can be seen as generalization to a log-canonical setting of the
work of Hacon-McKernan [HMO7], who proved that log-resolutions of klt singularities
have rationally chain connected fibers. The proof follows the same circle of ideas, and is
ultimately based on an application of Campana’s result around the subadditivity of the
orbifold Kodaira dimension — this is used to show that the core fibration of the strata
above must be trivial.

1.1. Comparison with earlier work. The problem of uniformization in the open or
singular case has been a long standing one, and many authors have contributed to that
question.

(1) Deng [Den22] gave a criterion for uniformization in terms of the polystability of
some natural logarithmic Higgs bundle on the open part of a log-pair (X, D).
To compare his hypotheses with ours, let us resume the assumptions of our
Theorem 0, and let X - X be a log-resolution with boundary divisor D.

Then, one finds that K5+ D = 7" Ky is a nef and big divisor on X. In
this situation, one can use the work of Guenancia [Guel6] joint to a classical
computation (see [GKPT19a, Corollary 7.2] and the proof of Theorem 5), to
show that the standard Higgs bundle (2 (log D) @ O, 0) considered by Deng
is stable with respect to K + D, for an ample Q-line bundle L sufficiently close
to Ky + D.

We are thus allowed to apply [Den22, Theorem 4.7], which yields a Miyaoka-
Yau inequality with respect to L — we may then reobtain (1) by letting L tend
to K + D. If we want to have the uniformization statement, Deng requires an
equality in the Miyaoka-Yau inequality associated to L:

(2(n+1)ca(T5(~log D)) — ney (T (~1log D))) L™ =0.

which is maybe less intrinsic than the equality case in (1). Also, the description
of [Den22, Theorem 4.7] does not allow to prove that the situation where D is
not smooth cannot occur — in the setting of Theorem 11, we do not need to
require anything on the regularity of D, and we are actually able to eventually
exclude the case where D is not smooth. Of course, in our setting the line bundle
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Kx +D =n"Kx» is semi-ample and not merely nef and big, so our hypotheses
are not strictly weaker than the ones of [Den22].

In [Yau93], Yau claims that for any log pair (X, D) with K+ + D nef, big and
ample modulo D, with equality in the logarithmic Miyaoka-Yau inequality, the
open part X = X — D is a ball quotient. This would give almost immediately
Theorem 11 (even without the assumption that the singularities are punctual).
Unfortunately, we were not quite able to follow his arguments : Yau claims that
we can apply the Schwarz lemma of [Yau78] to deduce the completeness of the
natural Kéhler-Einstein metric, but this lemma seems to already require the
completeness of the said metric.

As we mentioned before, we don’t know if having purely log-canonical singular-
ities is enough to obtain a uniformization theorem; the methods of the present
work are in any case not quite sufficient to deal with the case where discrepancies
ap > -1 are allowed to occur. The work of [GKPT19a, GKPT19b] — and the
recent generalization to the case of orbifold pairs by Claudon-Graf-Guenancia
[CGG23] — focuses on the kit case, where all discrepancies are > —1. One could
certainly mix the methods of their work and the current article to deal with some
intermediate situations (e.g. uniformizing a variety X* with klt locus disjoint
from a finite union of singular points admitting a resolution with —1 as only
discrepancy). Since to us the most interesting case should be the one where
we have some discrepancy > —1 above one of the only singular points, we have
preferred to stick to the pure situation to avoid any artificiality in our discussion.

1.2. Organization of the article.

(1)
(2)

(3)

(6)

(7)
(®)

Section 2: We have gathered here several preliminary lemmas and notation for
the rest of the article.

Section 3: After a brief discussion of the two-dimensional case, we give a proof
of Theorem 0. The method follows closely some ideas present in the work of
Greb-Kebekus-Peternell-Taji and Mochizuki.

Section 4: We first prove a criterion for contracting totally geodesic divisors in
manifolds admitting a correspondence with the ball, so as to obtain a singular
variety satisfying the outcome of Theorem 1 (see Theorem 6). We then apply
this criterion to several examples of Deligne-Mostow and Deraux in Section 4.1.
Section 5: We recall a few facts on Campana’s notion of special varieties, and
then prove Theorem 3.

Section 6: We give some details on the proof of the isotriviality of p-CVHS on
special quasi-projective manifolds, that can be seen as a corollary of the main
results of [CDY23|. Most of the material of this section might be well-known to
experts, but we have chosen to include it for lack of a self-contained reference.
Section 7: Given a manifold with an open subset admitting a period map, we
perform the local and global computations that allow to define a limiting period
map on the strata of the complementary divisor.

Section 8: Finally, under the hypotheses of Theorem 11, we prove that the period
map is indeed uniformizing.

Section 9: we have put here two criteria for a étale map to be a universal covering.
The first one plays an important role at the end of the proof of Theorem 11.
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2. NOTATION AND PRELIMINARY REMARKS

2.1. Linear algebraic groups. If K is a field, we will use the notation Gg, Hgx, Lk...
to denote linear algebraic groups defined over K (which for us, will simply be an algebraic
subvariety of some GL,, i & A}‘; \ {det = 0}, invariant under the group structure). If
K c K’ is any field extension, we let Gg+ := Gg ® ¢ K’ the group deduced by extension
of scalars. The K'-rational points of G will be denoted by G(K").

As usual, we will use the notation U(m), U(p, q), PU(p, q) to denote the real algebraic
groups of isometries (or projective isometries) with respect to a hermitian form of the
type

. 2 P 2 2 2
Ylzil* or Y IzE = Y Il
i = =

2.2. Unitary similarities. We let Sim(C™) = C™ x U(m) be the group of unitary
similarities of C™: it is the direct product of the group of unitary transformations by
the group of translations.

Lemma 2.1. Let A € Sim(C™). Then there is a unique orthogonal decomposition

IS
C™ =V @& V* such that A acts as a non-zero translation on V*, and on V as a unitary
rotation R € Sim(V') around some center w € V. The center is unique if and only if the
vectorial part Ry € U(m) of R does not have 1 as eigenvalue.

We will say that A is a pure rotation if V* = 0; this is equivalent to saying that A has
a fixed point.

Proof. Write A under the form A-z = Agz + B, with Ag € U(m) and B € C™. First take
W as the orthogonal complement of W+ = ker(Ag - I), and let B = By, + By be the
corresponding orthogonal decomposition of B. Let w := (I — Ag)|;;# (Bw) € W. Then, if
z € C™ and writing the orthogonal decomposition z = zy + zy:, one has

A-z= (A()ZW + Bw) + (AOZWL + BWL)
= (Ao(ZW - w) +w) + (ZWL + BWL) .
Thus, A acts on W as a pure rotation R of center w and vectorial part Ag|y, and on
W* as a translation of vector Byy.. If this is vector is zero , take V = C™. If not, take

V = W. The uniqueness statement comes from the fact that the difference between two
centers yields a 1-eigenvector for Agl|yy . O

The following basic lemma will be quite useful to write a set of pure rotations in a
normal form.
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Lemma 2.2. Two pure rotations A, B € Sim(C™) commute if and only if they have a
common fized point and their images in U(m) can be simultaneously diagonalized.

Proof. The statement is well-known if A, B € U(m), and thus it suffices to prove that if
A, B commute, then they have a common fixed point. Assume that the origin is centered
at a fixed point of A so that A € U(m), and Bz = Byz + b, where By € U(m),b e C™.
Note that saying B is a pure rotation is equivalent to saying that b is orthogonal to the
1-eigenspace F' of By.

Now, since A, B commute, B leaves invariant the 1-eigenspace F of A. The conclusion
will come from the fact that B|g is a pure rotation, so B has a fixed point in E. To prove
this fact, remark that since 0 € F, then b = B-0 € E; this allows to write B|g = Bo|g + T,
where Tj, is the translation by b. Finally, since b is orthogonal to E'n F', the 1-eigenspace
of By|g, one deduces that B|g is a pure rotation. O

2.3. General remarks on the complex unit ball. For more details on the material
presented here, we refer to [Mok12] and the appendix of [Den22].

2.3.1. Basic notation. For any integer n € N, we let B" := {z € C" | ¥;|2;|* < 1} denote
the complex unit ball. We will also use the notation A := B! for the unit disk, and write
H:={z € C|Im(z) > 0} for the Poincaré upper half plane. The Bergman metric on B"
will be denoted by hpn.

2.3.2. Automorphism group. We recall that the group of biholomorphisms of B™ identi-
fies with PU(n, 1) acting on B™ via the standard inclusions PU(n,1) c PGL(n + 1) and
B" c C" c P". We will often write the elements of PU(n, 1) as classes of matrices of the
form

Al X
,  with AeM,(C), X,"Y €M, 1(C) and p€C.

Y| p
Note that the action of PU(n,1) on B" extends to a continuous action on its closure
B~
2.3.3. Siegel model of the ball. For each point b € OB™, there is a corresponding biholo-
morphism ¢y, : B" — S,,, where S, is the Siegel domain
Sn={(y",yn) € C"' % C | Im(yn) > [Iy/[I7}

Letting 1(y',yn) = Im(y,) - ||y'||?, we recall that the Bergman metric on S, corre-
sponds to the Kahler form

- ALADL 00l

ws, = —i0log(l) = ZZLZ - ZT

with 0l = %idyn ~ Yi<jen-17;dy; and 100l = - Yi<jen—11dy; A dY;.

(3)

2.3.4. Stabilizers of the boundary components. Let Ny c PU(n, 1) denotes the stabilizer
of b e 9B™. This is a real parabolic subgroup admitting a Levi decomposition

Ny =Wy = Ly

where L, ¥ R x U(n - 1) as a real Lie group. Using this decomposition, an element
(r,A) € Ly acts as follows on S;,:

(T, A) ' (y,7 yn) = (eTA ' y,> e2ryn)
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The elements (r,0) in the factor R are the so-called transvections of azis (OD).
The unipotent radical W}, is a central extension
0—R—W,—C"! —0

There is a natural 1-1 correspondence W 12 ¢n1 xR, In this decomposition, an
element (a,7) acts on S,, as follows:

(a,7) - (s yn) = (Y + @,y + 2ia-y' +il|al* + 7).

One sees from the above that the group N, admits a quotient Ny - Sim(C"™!) that
is given by the restriction to the first factor of the inclusion S, ¢ C* ! x C. It can be
expressed as

(a,7,1,A) € Ny — (a,4) € Sim(C"™).
—— —
12l Cr-1xRxR* xU(n-1) 2 en-14U(n-1)

2.3.5. Iwasawa decomposition. Let b € OB™, and let K = U(n) be the stabilizer of the
origin o € B". Then, one has an equality

PU(TL, 1) = KNb

Indeed, if g € PU(n,1), let b’ := g-be IB™, and let k € K be such that k-5 =b. One has
then k~'g € Ny. Taking inverses, one also get the reversed equality

PU(n,1) = Ny K.
2.3.6. Stabilizer of a hyperplane in the ball. Let B™ be endowed with its standard coor-
dinates 21,...,2,, and let H := {21 =0} c B". Then, the stabilizer S := Stabpy(,, 1)(H)
identifies with the classes in PU(n, 1) of matrices of the form
A 0O
0 A|lX (AN =1,AeM, 1(C),X e M, 11(C),Y e My 1,1 € C)
0 Y| pu

In each class, the element A can be fixed to be equal to 1, determining uniquely the
elements A, X,Y, u. This allows to identify S 2 U(n - 1,1), and thus S sits in a central
exact sequence

1—U1) 2 ym-1,1) — PUM-1,1) — 1

whose right arrow corresponds to the natural morphism S — Aut(H) = Aut(B"!). We
also have the derived group exact sequence

1— SUMn-1,1) — U(n-1,1) <L 1) — 1. (4)

The left group is the derived group of S, and the maps U(1) - U(1) and SU(n-1,1) —»
PU(n-1,1) induced by the previous two exact sequences are both degree n+1 isogenies.

Recall for later reference that the group SU(n—1,1) is generated by all the transvec-
tions of axis (Ox) for z € 9B" ! = OB" n H.
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2.4. Higgs bundles and stability. We refer to [GKPT19a, GKPT19b, GKPT20] for
material related to Higgs sheaves on singular spaces and their associated notions of
stability. Let us just recall a few facts.

Definition 2.3. (see [GKPT19a, Example 5.3]) For any normal complex space Y, we

let &y := Qg,l] ® Oy, and Oy : & — &y ®p, (ly be the standard Higgs morphism given
by

oy: Mooy — (AMeoy)sal’
(a,b) — (0,1)®a

We say that (Ey,0) is stable with respect to a nef line bundle H if for any coherent

subsheaf F c £y such that (V) c V ® Qg/l] in restriction to the maximal open subset

where Qg,l] is locally free, one has the slope inequality pg(V) < pp(Ey) whenever
0 <rk(V) < rk(&y).

In the case where Y is smooth, then this notion coincides with the classical notion of
stability for Higgs bundles.

2.5. Induced coverings. Let X = X — D, where X is a complex manifold of dimension
n, and D is a SNC divisor. For some integer 1 < k < n, let Di c D be the locally closed
smooth stratum of codimension k, and let Y be one of its connected components. If
X’ - X is any étale covering, there is an associated covering of Y that we can construct
as follows.

Definition 2.4. Let i : Y - X and j : X = X be the natural inclusion maps, and
denote by S the sheaf of sets on X given by the local sections of X’ - X. Then the

covering Y' - Y induced by X' — X is the covering whose sheaf of local sections is
i*7.S.

We may describe this covering a bit more concretely: let y € Y be any point, and let
U = (A*)F x A"F ¢ X be a pointed polydisk adapted to Y centered at y. Then the
fiber product U xx X is a disjoint union of copies of H' x (A*)*~! x A"F_ Tt is easy
to see that the fiber of Y/ — Y over y is in natural 1-1 correspondence with the set of
connected components

7T0(U Xx X) .
With this notation, if the point 4’ € g™ (y) corresponds to the component C,, € (U x x
X ), then Cy will be called the connected component of U xx X neighboring y'.

2.6. Multivalued maps. If X,Y are two complex manifolds, and if p : (X, *) —
Aut(Y") is a morphism of groups, we will sometimes write "Let ¢ : X - Y be a multi-
valued map with monodromy p” instead of "Let ¥ : X - Y be a p-equivariant map”.

We will mostly use this terminology in the case where X = A* and Y = C. In this
context, the universal covering will be

weHm z = 2™ e A*,

and if o € R, we will sometimes write 2% instead of w?™®. We will refrain from using
this notation if the implied determination of logarithm matters in the discussion.
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2.7. Contractibility of analytic subsets. Let X be a complex manifold. Recall that
we say that an open subset U c X is strictly Levi pseudo-convex if for any point x € OU,,
there exists an open neighborhood z € V ¢ X and a C? function ¢ :V — R such that
() UnV ={yeV]d(y) <0}.
(i1) i(00¢), is positive definite on ker(dy), c T, X.
If A c X is a compact analytic subset, then it is possible to blow-down A to a

point if and only if A admits a basis of strictly Levi pseudo-convex neighborhoods (see
[AMRT10, p. 104]).

2.8. Some basic results of complex analysis. We gather here a few lemmas of anal-
ysis in one complex variable, that will allow us to prove extension results for holomorphic
maps starting from A*.

The first result is very classical.

Lemma 2.5. Let f: A" —H be a holomorphic map. Then f extends to a holomorphic
map f:A - H.

Indeed, H and A are biholomorphic, so the result follows from Riemann’s extension
theorem. We will use the following strengthening of this statement.

Lemma 2.6. Let f: A" - C be a holomorphic map. Assume that there exists C > 0
such that

Im(f(z)) >Cloglz| for allze A*.
Then f extends to a holomorphic map f: A - C.

Proof. Consider the holomorphic map g: z € A* — g(2) = ¢//(*). Then, for all z € A*,
one has
g()] = eI

< e—Clog|z| _ |Z|_C.

Thus, the function g has at most a pole at 0. This gives two possibilities:
(1) either there is D > 0 such that |g(z)| < D for all z close enough to 0. This implies
that Im(f(2)) > —log D, and so f extends by Lemma 2.5 (applied to f +log D).
(2) or |g(z)| — +o0 as z — 0. This implies that there exists D >0 with |g(z)| > D
for all z € A*, and so Im(f(z)) < —logD. Again, f extends by Lemma 2.5
(applied to —f —log D).
Il

Lemma 2.7. Let f,g: A" - C be holomorphic functions, with no essential singularity
at 0. Let o, B be real numbers, with o> 0. Then there exists a point w € H such that

Im(f(2) +g(2)w+iaw?+ fw) <0

where we let z = 2™,

Proof. Let n =ordo(f) and m = ordg(g). There are three possible cases :
(1) n<m and n<0. Then if a € C is the coefficient of 2" in the Taylor series of
f, one has
f(2) +g(2)w +iaw? + fw = az" + o(|2]").
(recall that |w| = O(|log|z||)). We may let Im(w) — +oco in such a way that
z = 0 and Im(az™) - —oo. This gives the result.
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(2) m<nand m<0. Then, if beC is the coefficient of 2" in the Taylor series of
g, one has

f(2) + g(2)w + iaw? + Bw = bz"w + o(|2]™|log |2||).

This time, we may let Im(w) — +o0 in such a way that Re(bz™) - —oo and thus
Im(bz"w) - —co. We also get the result.
(3) m,n >0 i.e. f,g extend holomorphically across 0. In this case, if we let w = ir
with r € R,, one has
f(2)+g(zx)w+iaw?+pw ~ -ar® — —oo.
T—>+00 r—>+00

This gives the result also in this case.
O

2.8.1. Campana’s varieties of special type and orbifolds. We will need a few facts per-
taining to the notion of special varieties in the sense of Campana, whose general theory
is exposed in [Cam04].

Definition 2.8. Let f : X -> Y be a rational fibration i.e. an application which is
birationally equivalent to a holomorphic fibration f': X' — Y. Let D = ¥, a;D; be a
divisor on X with simple normal crossing support and a; € [0,1]NQ (the pair (X, D) is
an orbifold in Campana’s terminology).

(1) The Kodaira dimension of f is

k(Y,f)= min{ k(Y Ky +A(f',D")) ‘ f'+(X',D") - Y’ birationally equivalent to f}.

In this definition, f’ is a holomorphic fibration, and A(f’, D’) denotes the orb-
ifold divisor of f’ as defined in [Cam04, Definition 1.29].

(2) One says that the fibration f is of general type if k(Y, f) =dimY.

(3) One says that an orbifold pair (X, D) is special (or of special type) if it admits no
non-constant rational fibration f: X -» Y of general type. Alternatively, (X, D)
is special if it does not admit any Bogomolov sheaf (see [Cam04, Theorem 2.27]
and the discussion of [Cam04, p. 542]).

(4) One says that a quasi-projective variety V is of special type if there exists a
resolution of singularities U — V and a log-compactification X = U u D such
that (X, D) is an orbifold of special type.

The following proposition sums up the invariance properties we will use concerning
specialness.

Proposition 2.9. (i) [Cam04, Lemma 2.9] Let g : U" -> U be a rational dominant
map between two quasi-projective manifolds. If U’ is special, then so is U.
(i1) [Cam04, Theorem 5.12] Let g : U" - U be an finite étale map between two quasi-
projective manifolds. If U is special, then so is U’.
(111) Let f:U" - U be a proper birational map between two quasi-projective manifolds.
If U is special, then so is U'.

Proof. (iii) The last item is not explicitly stated in [Cam04], and dealing with open
varieties can lead to some confusion regarding birational maps, so let us explain how
this follows from the definitions. We may take X =U u D and X' =U"u D’ to be two
projective smooth compactifications with SNC boundary, in such a way that f extends
to f: X' - X, and so that f~'(D) = D’. But then there exists a Zariski closed subset
Y ¢ X of codimension 2, such that f : (X', D) - (X,D) is an isomorphism above
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X \ 3. Any Bogomolov sheaf on (X, D) then restrict to X — X to define a Bogomolov
sheaf for (X, D) after taking the reflexive hull. Thus, (X', D’) is special if (X, D) is
(see [Cam04, p. 542] on how to define Bogomolov sheaves without referring to adapted
covers). O

One crucial result of this theory is the following.

Theorem 4 (Campana [Cam04]). Let (X,D) be a complex projective orbifold pair.
Then there exists a fibration of general type ¢ : (X, D) -> C, whose very general fibers
are special orbifolds. The fibration c is unique up to birational equivalence.

The fibration of Theorem 4 is called the core fibration of the pair (X, D). Note that
(X, D) is special if and only if dimC' = 0.

3. MIYAOKA-YAU INEQUALITY AND UNIFORMIZING MAP

3.1. The surface case. Uniformization in the non-compact surface case is already
well-understood thanks to the work of Kobayashi [Kob85]. Let us simply say that if

X* is a variety with ample canonical bundle and minimal log-resolution X =5 X* with
discrepancy —1 for all exceptional components, then

Amy (X*) := 6co(Tsz(~log D)) - 2¢i (T (-log D)) > 0

where D is the exceptional divisor. Indeed, in this situation, K%+ D = 7" Kx= is nef
and big, and ample modulo the boundary D. It is then quite easy to check that the
hypotheses of [Kob85, Theorem 1] are all met. Also, in the case of equality, the regular
part X = X — D is uniformized by the ball B2.

3.2. The higher dimensional case. Let us now focus on the higher dimensional
situation. It is quite easy to define an intrinsic Miyaoka-Yau characteristic for varieties
with ample canonical bundle that are smooth in codimension 2, in a manner similar to

[GKPT19a):

Definition 3.1. Let X* be a complex n-dimensional variety smooth in codimension 2,
and with ample canonical bundle K x+. Assume that n > 3. We define the Miyaoka-Yau
characteristic number of X* to be the rational number Apry (X ™) computed as follows.

Consider a smooth complete intersection S = Hyn...n H,_o, where H; € |m; K x| is a
generic hypersurface (with mq,...,my,_o > 0). Since the singularities of X* are only in
codimension 2, S does not intersect the singular locus, and so T’x is locally free around
S. Thus, the following number readily makes sense:

AMy(X*) = [Q(n + I)CQ(TX’S) — HC%(TXys)] (5)

[1 5 my
It is easy to check that this number depends only on X*, but not on the choice of S.
The main goal of this section is to prove the following.

Theorem 5. Let X* be a complex projective variety of dimension n > 3 that is smooth
in codimension 2. Assume that the singularities of X* are log-canonical, and that Kx+
is ample. Then one has

AMy(X*) > 0.
In case of equality, if one denotes by X c X* the smooth locus, there exists a repre-
sentation p : m(X) - PU(n,1) and an étale holomorphic map v : X — B" that is
p-equivariant.
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Proof. The beginning of the proof follows closely the main steps of [GKPT19a, GKPT19b,
GKPT20], so we will present only the necessary details.

Step 1. Stability of the Higgs sheaf (Ex,60x). By the work of Guenancia [Guel6, The-
orem A], the tangent sheaf Tx is polystable with respect to Kx~. This implies by the
computation of [GKPT19a, Corollary 7.2] that the Higgs sheaf (E£x,0x) is stable.

Step 2. Restriction theorem for Higgs sheaves. Let S ¢ X be a smooth complete
intersection S = Hyn...n Hy,_o, where H; € [m; Kx~| is a generic hypersurface (with
Mi,...,Mp_2 > 0). Apply now the restriction theorem [GKPT19b, Theorem 6.1] to
deduce that the restriction (Ex,0x)|s is stable as a Higgs bundle.

Step 3. We deduce the Miyaoka-Yau inequality. Since (Ex,0x)|s is a stable Higgs
bundle, it satisfies the Bogomolov-Gieseker inequality by [Sim88, Proposition 3.4], which

implies that
n
2c2(Exls) - — 161(5x|5)2 > 0.

If we compare with Definition 3.1, we see that it implies that Apy (X ™) > 0.

Step 4. In case of equality, we obtain the representation p and a period map on the
surface. As (Ex,0x)|s is stable with vanishing Bogomolov-Gieseker characteristic, it
underlies an irreducible projective p-CVHS by [Sim88]. Thus, fixing adapted base points
peSandbeS, there exists an irreducible representation p : m1(S) - PU(n,1) and a
(pointed) period map
Us:(S,b) — (B",0),

that is p-equivariant. Also, the differential of this period map identifies with the com-
position

0
Ts > Tx|s Ixls Hom(Qx|s, Og)

so we deduce that ¥ is immersive at any point.

Step 5. We show the compatibility of period maps Vg for various surfaces S. By
Goresky-McPherson’s Lefschetz theorem [GMS88, Thm. in Sect. II.1.2], the natural
morphism 71(S) - 71 (X) is an isomorphism. This implies that one has a fiber product
of connected pointed spaces

(S,0) —— (X,D)

| |

(S,b) —— (X,b)

so that when the hypersurfaces H; vary in their linear system with .S always containing
b, then the surfaces S can link b to any point of X.

Let S1,59 be two such surfaces containing b, and let T € S, n S, with projection
x € X. Denote by ¥, : (gk,g) — (B™,0) the two period maps (k = 1,2). We are going to
show that ¥y (¥) = Wo(F). First, pick another complete intersection surface S’ passing
through b and x (so that b,T € §’) By Bertini’s theorem, we may choose S’ so that
both S'n Sy, S’ NSy are smooth, and thus, by dealing with the two cases where the pair
(S1,S2) is replaced by (S1,S’) and (S2,S5"), we see that we may assume in turn that
the curve C = 51 NSy is smooth.

Both restrictions \Ilk‘CxXX (k =1,2) are period maps associated to the same Higgs
bundle (Ex,0)|c. The latter is stable since the corresponding representation 71 (C,b) -
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m1(X,b) £ Aut(B™) is irreducible (the first arrow is surjective by the Lefschetz theorem).
By the uniqueness of harmonic metrics for stable Higgs bundles, we see that ¥; and Wq
must coincide above C, and thus (%) = ¥4(7).

Step 5. We glue the maps together. The previous step shows that we may glue
all period maps associated to the complete intersections S to get a well-defined p-
equivariant map X — B"™. This map is immersive. Indeed, for any tangent vector v to
X, there exists a surface S as above tangent to v, and one has U, (v) = (¥g).(v) # 0
since Vg is immersive. O

Remark 3.2. Steps 4 and 5 and this method of glueing together period maps on surfaces
is directly inspired by the work of Mochizuki [Moc06, proof of Theorem 9.4]. We thank
Y. Brunebarbe for pointing that reference to us.

4. EXAMPLE OF VARIETIES WITH NON-LOG-CANONICAL SINGULARITIES AND
NON-COMPLETE PERIOD MAP

In this section, we will use classical examples of Deligne-Mostow [DM86] and Deraux
[Der05] to obtain varieties X* satisfying the case of equality in Theorem 5 but with
period map ¥ failing to be an isomorphism; as we will see later on, restricting the type
of singularities of X* can be used to avoid this type of situation.

It is very easy to contract totally geodesic divisors in Deligne-Mostow and Deraux’s
examples to construct X* as an abstract analytic space. One has to be a bit more
careful to ensure they indeed admit a Q-Cartier ample canonical divisor Kx+; we will
provide a simple criterion for this in Theorem 6. We will then explain why this criterion
applies to Deligne-Mostow and Deraux’s manifolds.

Notation. Let us consider a complex Kéhler manifold X admitting a correspondence
with the ball B", as given by the following diagram

MLHB%”

y (6)

where
(1) the D; are disjoint smooth irreducible divisors on X (1 <i<m). Let D :=U; Dy;
(2) m is an infinite Galois étale covering of Galois group 'y ¢ Aut(M);
(3) 1 is a surjective holomorphic map, étale outside 771 (D), and ramifying at order
m; along each component of 771(D;).

Assumptions. We make the following assumptions on this data:

(a) there exists a subgroup I' ¢ Aut(B") with an action I' O M that makes ¢ a I'-
equivariant map;

(b) Ty acts on M as a subgroup of T

(c) for any 1 <i < m, and for each connected component T} of 771(D;), v realizes an
isomorphism between T; and a totally geodesic hypersurface H; c B". Consequently,
one has an identification

D; = Stabp(Hi)\Hi,

which makes in turn D; a smooth ball quotient.
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Note that we do not assume v to be a ramified cover: in Deligne-Mostow and Deraux’s
examples, the image ¥)(771(D)) is a dense set of hypersurfaces in B".

Remark 4.1. Since the D; are ball quotients by torsion free groups, it follows from
Proposition 7.8 below that the open set X — D is not a ball quotient.

4.0.1. Singular Bergman metric on X. The Bergman metric hgr» can be pulled back by
1 and pushed down to X via 7w to yield a singular metric A on Tx, smooth on X — D,
and with conical singularities of order m; around each D;. Note that this metric induces
a well-defined distance d on the whole of X.

For each ¢, we pick ¢; >0 and define
Ui = {x e X | d(ZE,Dl) < Ei}-
The following proposition follows easily from the fact that ['g act freely on M by

isometries with respect to ¥ *hgn:

Proposition 4.2. Let T; be any connected component of m~1(D;), and let
Vii={x e M| dysng. (2, T;) < €}.
Wi ={xeB" |d(xz, H;) <€},
where H; := ¢(T;) c B". Let A; := Stabp,(7;). Then if €; is chosen small enough, one
has the following properties:
(1) A; acts freely on Vi and =|y, : V; = U; can be identified with the quotient map.
In particular, m (U;) 2 Ay;
(2) picking coordinates z1,...,z, on B"™ so that H; = {z1 = 0}, the map V; - W;
identifies with the corestriction to W; of the map

{lza[*™ + |z + ...+ |z < 1} — B".
(2155 2n) — (")

Lemma 4.3. Let H c B" be the hyperplane section {z1 = 0}, and consider the following
Sfunction on B™:
21’2
zeB" — §(2) =log (’—)
1- Z?:2 |22
This function is invariant under StabAut(Bn)(H). For any A € R,, the open subset
Q4 :={0<—-A} is a strictly pseudoconver neighborhood of H.

Proof. Let us check the invariance. Recall from Section 2.3.6 that S := Stab ey (H) is
isomorphic to U(n—-1,1), acting on B™ by its standard action on the last n homogeneous
coordinates

(Z1:Z9:...: 2y Zp] € B" c P
Thus, if one takes z = [21 : ... : 2z, : 1] € B" and A € U(n - 1,1), one may write
A-z=[z1:To:...: T, :To] € B" with (T3,...,Tp) = A-(22,...2n,1). Thus

5(A-z):log( 5 |Zl|n2 2).
Tol? - X2 15

However, A leaves invariant the standard (n — 1,1)-signature hermitian form on C", so
|To|* - o T =1- P |2j|*. This shows the required invariance.
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Let us show the second statement. Let 7 : (z1,2’) € B" = 2’ € B! be the canonical
projection. One has then, at any point z € 9 4:
i005(z) = 10D log|z1|* — 109 log(1 — > 12;%)
522
= 0 + F*Wanl

where we used the standard fact that 2’ € B" ' — log(1 —||2’||?) is a potential for the
Bergman metric on B""!. To show that i005(z) is positive definite in restriction to
ker(99)., is suffices to remark that the projection map

T tker(96), c T, B" — Ty, B!

is injective. However, the latter is certainly true, since for u € ker(m, )., one may write
u= 048%1, and one has then 0,0(z) # 0 unless a = 0. O

Proposition 4.4. The manifold X is projective. There exists a normal complex space
X* and a morphism 7 : X - X" that contracts every connected component D; to a
stngle point.

Proof. The data of ¥ induces a polarized C-VHS on X — D, which has maximal variation
since U is étale. Thus X is Moishezon by the main result of either [BC18] or [CD21],
hence projective since it is Kéahler.

To show that D; can be contracted, use Lemma 4.3 to obtain strictly convex neigh-
borhoods Q4 of H; for A > 0. Then for A > 0 so large so that 24 c V;, the inverse image
¥~ 1(Q4) yields a strictly pseudo-convex neighborhood of T}, invariant under A;. It thus
goes down by the étale map 7, providing in turn a strictly pseudoconvex neighborhood
of D;. One may conclude by the criterion of Section 2.7. O

4.0.2. Positivity properties of orbifold canonical bundles on X. Our next goal is to study
the positivity of various Q-line bundles of the form O(Kx + (1 +«)D) with a € Q. The
next lemma will allow to control the restriction of these line bundles to the boundary.

Lemma 4.5. For all 1 <i<m, the restriction to U; of the line bundle
Ni = O(KX + (1 + an)Dz)

admits a flat unitary connection. In particular, it is numerically trivial when restricted
to Dz

Proof. We resume the notation of Proposition 4.2, and again choose coordinates on B"
so that H; = {z = 0}.

Step 1. Corresponding line bundle on W;. Remark first that IN; is the line bundle
descended by 7 from the 71 (U;)-equivariant line bundle M; := ¢*Ogn (Kpr + (1 +n)H;)
in the following diagram:

Vi = W
lw
U;.

The action of m1(U;) on M; is through the composite map
7T1(Ui) = Az - Iy.
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This image stabilizes the totally geodesic hypersurface H; = {z; = 0}, and thus defines
a representation p; : m1(U;) — Stabp¢gny (Hi).
Step 2. Factorization through a unitary representation. Consider the following global
section of Kgn ® O((n+1)H;), defined by
dziAn...Ndz

- W (7)
By Lemma 4.6 below, the action of 71(U;) on e factors through the composition o; :=
det o p; : A; > U(1) so that

vxe =oi(7)e

for all v € 71 (U;).

Step 3. Descent to U; and conclusion. By the previous step, the pullback ¢ e yields
a global trivializing section of M;, on which 71 (U;) acts by the unitary representation
oi. Denoting by IL; the complex local system associated with o; on Uj;, this proves that
N; =LL; ®c Op,, which gives the result. O

The following lemma was used in the previous proof. The reader is invited to refer
to Section 2.3.6 for some of the notation.

Lemma 4.6. Let H c B" be the hyperplane section H = {z; = 0}, and let S :=
Stabauyen)(H). Then the section

_dzi A Adzy
N
is invariant under all elements of SU(n—-1,1) > S.

Proof. The group SU(n-1,1) = Aut(B") is generated by the standard transvections of
axis (Ox) where 2 € 9B"'nH, so it suffices prove invariance under any such transvection
T. One may find o € {Idc} x U(n—1) such that T = aTpa ™!, where Tj is a transvection
in the direction z = (0,...,0,1) € OB" ! n H. The transvection Tj is then given by a
matrix of the form

1 0 00
0 In2 00
(¢ = cosh(t), s = sinh(t) for some t € R)
0 0 «cf|s
0 0 s|c

One can now compute

5.
To (dz) =d|—
o (dz1) (szn+c)

_ dzi  szidzp (1<i<n-1)
szpt+c  (szp+c)?

T(;_(dzn) :d(CZn+S)

Szp +C
dzy,

— 2 2 _
—m (USGC - S —1)
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dziA...Adzy,
s0 Tg'(dz1 A ... Adzy) = G255 On the other hand,

21
T(;—Zl =

SzZp +C
Putting everything together, we get first that 7;je = e, and then
T*e=(a"H)"Tja*e
= (o™ Ty ((det av)e)
= (" H*((deta)e) = e.
O

Definition 4.7. For any 1 < i < m, let us denote by o; : m1(D;) - U(1) the unitary
representation underlying the line bundle NV;, as discussed in Lemma 4.5.

Our goal in this section is to prove the following:

Theorem 6. The following are equivalent:
(i) Kx~ is Q-Cartier;
(ii) every representation o; has finite image.
If these conditions are met, then we have the following as well:
(1) Kx» is ample. In particular, X* is projective;
(2) If dim X > 3, the variety X* satisfies the case of equality in the Yau-Miyaoka
inequality i.e. Any(X™) =0.
(8) The singularities of X* are not log-canonical.

We need a few lemmas before starting the proof.
Lemma 4.8. For each 1 <i<n, the line bundles Kp, and Op,(-D;) are ample.

Proof. The ampleness of Kp, is clear from the fact that D; is a smooth ball quotient.
As for the second assertion, remark that Lemma 4.5 implies that

ODi(KDi + nmlDZ) = O(KX + (1 + an)DZ)|Dl
is numerically trivial. O

Lemma 4.9. The metric hgn induces a singular metric with positive curvature in the
sense of currents on the Q-line bundle

L= OX(KX + Z(l - mZ)Dl)

The line bundle L is ample.

Proof. Step 1. L supports a orbifold positively curved metric. Recall that the metric
h is smooth on Tx_p, with conical singularities of angle 27m,; around each D;. This
implies that det h, seen as a singular metric on L* has locally bounded potentials, and
thus for any locally trivializing section 1 of some power L®™, one may write

2 -
[I8ll{aet neym = €77
with ¢ bounded. The potential ¢ being psh outside of D, it extends across the boundary
as a psh function, strictly psh on X — D. This shows that the singular metric det(h*)
has positive curvature in the sense of currents on L.
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Step 2. L is nef. First remark that the potentials of det h* are bounded everywhere,
so they have zero Lelong numbers on the whole X and thus the class ¢; (L) is nef by a
theorem of Demailly [Dem92, Corollary 6.4].

Step 8. Nakai-Moishezon criterion. Let V c X be a any subvariety. We distinguish two

cases.

(a) V¢ D. Then, if f: W — V is a resolution of singularities, the metric f*h is a
well-defined singular metric on f*L with positive curvature in the sense of currents.
This metric is smooth with strictly positive curvature at the generic point of W.
Thus, applying Boucksom'’s criterion for bigness [Bou02, Theorem 1.2], one deduces
that

vol(f*L) > fw(z@(detf*h*)“)dimw
=[U(z'@(f*deth*))dimw>o,

where U ¢ W' is the Zariski open subset where f is immersive and f*h is smooth.
This proves that vol(f*L) > 0. The latter number equals V - ¢; (L)™' since L is
nef.

(b) V c D; for some 1< i< m. Then, one has

LlDi = ODi(KDi - szz)

By Lemma 4.9, one deduces that L|p, is ample, and thus has positive top intersection
with V.

This is enough to obtain the ampleness of L by the Nakai-Moishezon criterion. O

Proposition 4.10. For any choices \j € [-m;,nm;[ for 1 <j <m, the line bundle

L)\ = Ox(KX +D+ Z)\zDz)

is ample.
Proof. Write u; = nm; — A; > 0. We can prove the result as follows.

One claims first that for any closed subvariety V c X, one has vol(Ly|y) > 0. Indeed, if
V c D; for some 4, this comes from the fact that

L)\|Di =num ODZ(_/«LZDz)
is ample. In the case where V' ¢ D, one has vol(Ly|y) > vol(L|y) > 0 since L is ample.

Taking V' to be any curve in X, this shows that Ly is nef. But then, one has
Iy c1(Ly)™V = vol(V, Ly|y) > 0 for each subvariety V, and thus L is ample again by
the Nakai-Moishezon criterion. O

Proposition 4.11. Assume that all o; have finite image. Let N := O(Kx + »;(1 +
nm;)D;). Then for m > 1, the line bundle N®™ is base-point free, and the associated
morphism identifies with

7: X — X*.

Proof. Step 1. The stable base locus is included in the boundary. Remark first that
N is nef by Proposition 4.11. It is also big since vol(N) > vol(L) > 0. The proof of
Proposition 4.11 shows that vol(V,N|y) > 0 for any subvariety V ¢ X with V ¢ D
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and thus, Nakamaye’s theorem [Nak00, Theorem 0.3] (see also Collins-Tosatti [CT15])
implies that
B.(N)= | V=D.

VeX
Ndim(V) V=0

In particular, one has B(N) c B.(/N) c D. The next steps will show that some power
of N is also globally generated on the boundary.

Step 2. Sections on the thickenings of the boundary. Pick o € N so that o > nm; + 1 for
all 4, and denote by aD the a-th schematic thickening of the boundary divisor. One
has a natural restriction map

HY(X,N®") — H(aD,N(5%).
Let us show that this map is onto for ¢ > 1. The next term in the long exact sequence
in cohomology is H!(X, N®! ® O(-aD)). However, one may write
gnm; —a+1

D;
— )

q(KX+Z(1+nmi)Di)—(KX+aD):(q—l) Kx+Z(1+

Now, if ¢ is large enough, one has

< qgnm; —a+1
q-1

since & > nm; + 1. This shows that N®? ® O(-aD - Kx) is ample by Proposition 4.10,

and thus one has the requested vanishing by Kodaira’s theorem.

0

<nm;

Step 3. From thickenings to D itself. By our hypothesis, the line bundle N®7 is trivial
on a neighborhood of the boundary if ¢ > 1 is divisible enough. Thus, N |§% ~ Oub,
and the constant section s ¢ 1 is sent onto 1 via the map

H’(aD,N®%,p) — H°(D,N®) =~ H*(D,0p) = C.
Joint with Step 2, this shows that the restriction map
H°(X,N®?) — H°(D,N®%|p) = Cc™D)
is onto. This shows that N®7 is globally generated also above D, and thus B(N®?) = @.

End of proof. Since N®|p = Op, the linear system |[N®?| contracts all the boundary
components to points. Also recall that we have proved that for any curve C' ¢ X with
C ¢ D, one has ¢ (N)-C > 0. This implies that no subvariety of X is contracted unless
it is included in the boundary. By classical results on semi-ample line bundles [Laz04,
Section 2.1.B], the linear system |L®9| realizes an isomorphism on X — D, possibly after
replacing g by a larger integer. This ends the proof. g

Proposition 4.12. Under the hypothesis that Im(o;) if finite for all 1 < i < m, the
dwisor class of Kx~ is Q-Cartier and ample, and one has 7*O(Kx~+) ~g N.

Proof. Let O(1) be the very ample line bundle on X* associated with the linear system
|N®1| for ¢ > 1 divisible enough, so that 7*O(1) ¥ N®?. One may pick a hyperplane
section s € HY(X*,0(1)) not passing through any point of the boundary. Now, the
restriction s|x_p identifies with a section of O(¢Kx_p), which proves that ¢Kx~ is
Cartier near any point of the boundary. Also, one deduces that O(¢Kx~+) 2 O(1), and
thus Kx+ is ample.
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Since the only T-exceptional divisors are the D;, one may write

T*KX* ZQ-lin Kx + ZaiDi
i

for some coefficients «;. However, each D; is contracted to a point, so this divisor has
to be Q-linearly trivial near each component of the boundary. As each Dj;|p, is anti-
ample, this implies because of Lemma 4.5 that one needs a; = 1 +nm; for all ¢, and thus
7" Kx+ ~g N, as was to be proved. O

In particular, the log-discrepancies of X at each boundary component D, are equal
to —mnm; < 0, so the singularities of X* are not log-canonical.

Proposition 4.13. Assume that Kx+ is Q-Cartier in the neighborhood of the point
p;i :=T1(D;). Then the image of o; is finite.

Proof. Resume the notation of Proposition 4.2, and denote U, := o(U;). Under the
hypotheses, we may chose ¢; small enough so there exists g € Nyg such that ¢Kp+ is
cut out by a section s; of its associated line bundle O(qKy+). We may choose s;, and
adequately change ¢K x~ in its linear equivalence class, so that pi ¢ Supp(qK. U;).

But now, the pull-back ¢*s; is a meromorphic g-canonical section, and thus gives a
section of O(qKy,) ® O(aD;) for some « € Z. By our choice of s;, the previous pullback
is identically non-zero when restricted to D; and thus

O(QKUZ.) ® O(O{DZ)

is trivial. Lemma 4.5 and 4.9 together imply that a = ¢(1 +nm;) and thus one deduces
further that N/|p, is trivial. Thus, o3¢ : m1(D;) — U(1) is the trivial representation,
and o; is a torsion representation. O

Propositions 4.12 and 4.13 together show that (i), (ii) are equivalent, and that (1)
holds if they are satisfied. Showing that (2) holds presents no difficulty:

Proposition 4.14. Assume that (i) and (ii) hold in Theorem 6. Then (2) holds as well.

Proof. Let S ¢ X* be a smooth complete intersection as in the hypotheses of the propo-
sition. If S is sufficiently generic, then it does not meet any point of X* — X and thus
it identifies with its preimage S’ ¢ X — D.

The map v induces a structure of flat holomorphic vector bundle to the C* vector
bundle underlying End(Ox_p ® Qx_p), and thus

fs eo(End(Qx-|gr @ Og)) = fs e(End(Qx-p ® Ox_p)|s') = 0.

A standard computation shows that the first number is proportional to (5), which gives
the result. O

4.1. Deligne-Mostow and Deraux’s examples. Let us show in this section that
several of the varieties constructed by Deligne-Mostow [DM86, DM93], or Deraux’s
three examples in [Der05], satisfy the hypotheses of Theorem 6.
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4.1.1. A reminder on Deligne-Mostow’s constructions. We are going to recall several
aspects of Deligne-Mostow’s original construction [DM86], without going into full detail;
we refer to [Derll] for more information.

Let N > 3 be an integer, and let p1,...,un be positive rational numbers such that
i1 =2. Welet PGL(2) act on the product P := (PY)Y by its diagonal action, and we
endow P with a polarization given by the Q-line bundle M := ®j]\i 1 pr*O(p5). Mumford’s
Geometric Invariant Theory explains how to construct a GIT quotient @ := P/ PGL(2)
with respect to the linearization M: this variety @ has dimension n := N -3, and is the
target of a surjective map P*** - Q, where P*$! is the semi-stable locus

psst = {(zl, coyZn) €P ‘ if any 2;,,. .., 2, coincide, thenZuij < 1}.
J

Also, Q contains as a dense open subset the quotient Q := P ot / PGL(2) where P is
the stable locus

Pt = {(zl, coy2Zn) €EP | if any 2;,,..., 2;, coincide, thenzlu,-j < 1}.
J

Let Q¥ c Q* be the open locus corresponding to n-uples of all distinct points. On Q°,
one may construct a variation of mixed Hodge structures by associating to (z1,...,2y)
the natural mixed Hodge structure on H'(P' - {zy,...,2,},L,), where L, is a rank
1 local system on P! — {z,...,2,} with monodromy e*7™i around each z;. One has
an associated period map @6 — B", that is p,-equivariant for some representation
Pu Tl (Q°) - PU(n,1). Let I', be the image of p,,; it is generated by complex reflections
in PU(n,1) that correspond to letting two points z;,z; turn around one other (see
[DM86, Proposition 9.2]).

If no subset of the p; sum up to 1, one has Q = Q*', and under various additional nu-
merical conditions on the u; detailed in [DM86, DM93, Der(5, Derl11], one can construct
varieties sitting in a diagram

MLHB%”

lﬁ
Di,...,Dp —— X (8)

q

Q

where the top part is as in (6), and the morphism ¢ : X — @ is a finite map, étale over
Q". The variety @ is a (singular) quotient I‘#\M , while X = I, \M for some finite
index subgroup I'j, c T,

Remark 4.15. Note that X — D could be larger than ¢ '(Q"). In Deligne-Mostow
original examples [DM86, DM93|, the map v is an isomorphism so one may take D = &.
Alternatively, it is possible in some situations to artificially add a new totally geodesic
component D;, taking m; = 1; that is what we will do in Example 2 below.
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4.1.2. Ezample 1. Contraction of hyperplanes in Derauz’s 3-dimensional examples. In
[Der05], Deraux generalizes to the dimension 3 a famous construction of negatively
curved surfaces due to Mostow-Siu [MS80] — it yields three examples of varieties that
can sit as @ in the diagram (8) above (where the u; are given by the first three lines
of [op.cit Table 1, p.516]). By contracting two exponents (i.e. replacing p; and p; by
their sum p; + ), one obtains a new datum g’ of length shortened by 1. If this datum
p' happens to satisfy the numerical condition (INT) of [DM86], then it gives a ball
quotient admitting a totally geodesic embedding in Q. Let Q' c Q be the union of all
hypersurfaces obtained that way. According to [Der05, Remark 4.2], the hypersurface
(gom)71(Q’) is the branch locus of 1. We take D = ¢1(Q’).

By [op.cit. Remark 3.5.], the divisor @’ is the disjoint union of either one or three
connected components. Let @)1 ¢ @ be one of these components, corresponding to

letting points z;, z; coalesce. One may then write Q1 = I‘M,\BQ where y’ is as above.

As in Definition 4.7, one has a unitary representation o : m1(Q7) = U(1) obtained by
composing
Pt
m(Q}) <> Tw — U(2,1) =5 U(1)
where U(2,1) is the stabilizer of a totally geodesic surface B? c B?® associated to Q; by
the correspondence (8).

Proposition 4.16. The representation o has finite image.

Proof. Without loss of generality, we may renumber the p so that ¢ =1 and j = 2. The
group I';s is then obtained by the Deligne-Mostow construction consisting in letting
5 points z1 + 22,23, ...,2¢ move on PL. It is generated by finitely many monodromy
elements, associated to the rotations of two of these five points around one another. Let
v be one of these monodromies, seen as an element of I', c Aut(IB?’), and let us show
that ~ is in fact a torsion element. There are two cases to consider:

(1) ~ is given by rotating two points z, z; for k,l ¢ {1,2}. Then, the image of 7 in
I',, is given by a complex reflection of rational angle by [DM86, Proposition 9.2],
so 7y is torsion.

(2) ~ is given by rotating z; around the merged point z; + z5. Then the image
of v in I';, belongs to the group G' c PU(3,1) generated by the monodromies
rotating only the 3 points z1,z9,25. According to the discussion of [Der05,
p.516], Deraux’s examples are precisely constructed so that G is finite for any
triple of points z1, 22, 2. Thus ~ is again torsion in this case.

Consequently, Im(c) c U(1) is generated by a finite number of roots of unity, and
thus is finite. O

Thus, if D; is any component of q‘l(Ql), the representation of Definition 4.7 is the
composition 71(D1) - m(Q3) > U(1), which has finite image. This shows that it is
possible to contract all components in D in X to obtain a singular variety X * satisfying
the conclusion of Theorem 6.

4.1.3. Ezample 2. Contraction of a totally geodesic surface in a 3-dimensional ball
quotient. Deligne-Mostow [DM86] provides several examples of compact ball quotients
totally geodesically embedded in one another. Take for example N = 6 and pu =
%(5,5,5,3,3,3). Then, according to the table of [DM86, p.86], the variety @ is a

compact (singular) ball quotient by an arithmetic lattice I', ¢ Aut(B?). If [,cl,isa
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sufficiently small sublattice, then X = F:t \BS is smooth, and we are in the situation of
(8) with D = @.

If one lets py = %(10, 5,3,3,3), one finds this time a 2-dimensional ball quotient Qq
and again for a sublattice of sufficiently high index FL , € I'yy, we obtain a smooth ball

quotient X = F:t 1\BZ. Now, by [DM86, 8.8], there is a totally geodesic embedding

Q1 — Q (whose image corresponds to the locus where 21, z3 € P! coalesce) and a natural
morphism of lattices I',, - I';,. One may take X; and X compatibly so as to have a
diagram

| <

> B3

where all horizontal arrows are totally geodesic embeddings, and M; = B2, M = B3.

We take D to be the image of X7; note that one has mq =1 in this situation i.e. ¥
does not ramify near D;. Then, with the notations of Definition 4.7, the representation
or:ly — U(1) is given by the composition

(o Fﬂll — Stab(Tl) n FH g U(l),

where T} is the image of M; = B? in B3, and the second morphism is given by the right
arrow in (4). With the same arguments as in our first example, one can show in this
case that Im(o) is finite, and thus it is possible to contract X; in X to obtain again a
variety satisfying Theorem 6.

5. SPECIAL CONNECTEDNESS AND LOG-CANONICAL SINGULARITIES

Our next goal is to further investigate the situation of Theorem 5, expanding on the
hypothesis that the singularities of the variety X* are log-canonical. To do this, we will
need an extension to the log-canonical case of the results of Hacon-McKernan [HMO07],
based on Campana’s theory of orbifolds and special varieties.

Let us introduce the following notion of connectedness by chains of special varieties,
that generalizes the notion of connectedness by chains of rational curves.

Definition 5.1. Let X be a complex analytic space, not necessarily irreducible. One
says that X is specially chain connected if any two points of X can be linked by a chain
of special subvarieties of X. One says that X is specially chain connected modulo a
sublocus Z c X if any point of X can be linked to Z by a chain of special subvarieties
of X.

Note that since P! is special, any rationally chain connected variety is specially chain
connected.

Remark 5.2. According to Campana’s conjectures on special manifolds, a cycle should
be specially chain connected if and only if it h-special in the sense of [CDY23, Definition
1.11].

The main result of this section is the following.



24 B. CADOREL

Theorem 7. Let X be a complexr analytic space with log-canonical singularities. Let
m:Y - X be a resolution of singularities. Then the fibers of m are specially chain
connected .

The proof is strongly inspired by the work of Hacon-McKernan [HMO07]. We will
derive the result from the following more precise statement.

Theorem 8. Let X be a complexr analytic space with log-canonical singularities. Let
p € X be a point, and let w :'Y — X be a resolution of singularities such that both
F = 77Y(p) and 771 (p) u n~1(Sing(X)) are divisors with normal crossings. For any
prime divisor D cY, denote by ap its discrepancy. Denote by
LCS(F) = U E
ECF,aE:—l
the purely log-canonical locus in F'. Then there exists a decomposition F' = FouFju...u
F,,, in which each F; is a union of prime divisors, satisfying
(1) Fo =LCS(F);
(2) for any i >0, F;.1 is rationally connected modulo F;.
(8) Let E be a component of Fy, and let E° be the set of points of E that do not
belong to any other divisor D with ap = —1. Then the quasi-projective variety
E° is special. In particular, E itself is special.

A fortiori, F' is specially chain connected .

Since any resolution of singularities of X can be dominated by one as in Theorem 8§,
we see from Proposition 2.9, (i) that Theorem 8 implies Theorem 7.

The existence of a decomposition F' = Fyu Fj U... F,, for which Theorem 8, (1) and
(2) hold, follows directly from [HMO7, Theorem 5.1]. As we will see right away, the third
point can be proven in a quite similar manner, replacing the use of the MRC fibration
by Campana’s core fibration.

Proof of Theorem 8, (3). Step 1. Preparation of the core fibration. Let E c LCS(F') be
an irreducible component, and let A be the sum of the divisors D satisfying D + E and
ap = —1. By definition, one has E° = E—-A. Consider the core fibration ¢: (E,Alg) -> C.
We may blow-up further F' at points of E to change the birational model of ¢, so we
can assume without loss of generality that

c:E-C

is a holomorphic fibration such that k(C, K¢+ A(c)) = dim C. Our goal is to show that
E° is special, i.e. that this latter number is equal to 0.

Step 2. We introduce some divisors on . We may write
Ky+F~Q TF*KX +G,

where G, T' are effective, m-exceptional without common component, and E is a compo-
nent of I' with multiplicity 1. We may also ask that I' + G has simple normal crossing
support. Note that we have I' > A + E. Thus, if we let © = (I' - E)|g, one has

KE+@ = (Ky+F)|E ~Q G|E
This latter divisor is effective, so if T'c E denotes the general fiber of ¢, one has

K(T,(Kg +0)|r) > 0. (10)
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Step 3. One shows that k(E,Kg+0) <0. As in [HMO7], we are going to apply a result
of [HMO6], stated below as Theorem 9. With the notation of this statement, let us take
C =0, and check that all hypotheses of the theorem are met. The first items (a) and
(b) are obviously satisfied. The divisor Kg + 0 ~g G|g is effective as we saw above, so
(c) holds as well. Finally, (d) holds since Ky +I' ~g G where G does not contain any
stratum of I

Thus, any section in H(E,m(Kg +©) + H|g) lifts to a section of
7.0y (m(Ky +T)+ H+ A) 2 m.Oy(mG + H+ A) c .0y (H + A)"Y

where the last inclusion holds since G is m-exceptional. Since the latter coherent sheaf
does not depend on m, this shows that

K(E,Kp +0) <0. (11)

Step 4. One applies the orbifold additivity of the Kodaira dimension. Let A(c,©)
be the Q-divisor on C' adapted to the fibration (E,©) — C' as it is defined in [Cam04,
1.29]. Since I' > A + E, one has © > A|g, and thus one has A(¢,0) > A(¢, A|g), so that

K(C, Ko+ A(c,0)) > k(C,Ke + A(e, Alg)),

which implies that the pair (C,A(c,©)) is of general type.

Further blowing-up F and C' does not change the validity of the previous steps. One
can thus assume that the morphism (E,©) — C'is high and prepared in the terminology
of [Cam04]. Thus, Campana’s orbifold additivity theorem [Cam04, Theorem 4.2] (see
also the discussion of [Cam04, p. 342]) implies that

H(E,KE + @) = K,(T, (KE + ®)|T) + dlm(C’),

for a general fiber T" of ¢: E - C. Using (10) and (11), one concludes that dim(C') = 0,
which implies that the pair (E,©) is special. Since for any component of E’ c Fj with
E'" + E, the divisor E'|g appears in © with multiplicity 1, this implies a fortiori that
E°=FE~ U E’ is special. O
E'cFy,E'+E
The next theorem is proved by Hacon—-McKernan [HMO06]. We have replaced their
symbol X (resp. S) by E (resp. X) to match our own notation.

Theorem 9 ([HMO06], see Theorem 5.2 in [HMO07]). Let Y be a smooth complex space,

and let E c'Y be a divisor. Let m :' Y - X be a projective morphism. Let H be a

sufficiently w-very ample divisor, and let A= (dim E +1)H. Assume that

(a) T is a Q-divisor on Y with simple normal crossing support such that E c T' has
coefficient 1 and Ky + T is log-canonical ;

(b) there exists a Q-divisor C >0 on'Y whose support does not contain E;

(c) Kg+© is pseff, where © = (I' - E)|g, and

(d) there exists a Q-divisor G >0 on'Y such that G ~g Ky +I'+ C, and |G| does not
contain any log-canonical center of (Y,[T']).

Then for m > 0 divisible enough, the image of
Oy (m(Ky +T+C)+ H+ A) — m.0g(m(Kg+0 + Cl|g))

contains the image of 1. Op(m(Kg+0)+H|g), considered as a subsheaf of 7. Op(m(Kg+
© +C|E) +H|E +A|E)
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Corollary 5.3. Let X be a complex analytic space with log-canonical singularities. Let
p € X be a point, and let m : Y — X be a resolution of singularities such that both
7 Y(p) and 771 (p) un~ (Sing(X)) are divisors with normal crossings. Assume that for
all irreducible exceptional divisor, one has ap = —=1. Then, any smooth locally closed
stratum F' of W_l(p) is a special quasi-projective variety.

Proof. Let p: Y’ - Y be the blowing-up of Y along the smooth subvariety F, and
denote by FE its exceptional divisor. A simple computation shows that ap = -1, and
thus all (7 o p)-exceptional divisors have discrepancy —1.

Thus, denoting by E° the points of the exceptional divisor E that do not belong to any
other component, one sees by Theorem 8 that £° is special. But since the blowing-up
gives a dominant morphism E° — F', one sees that F' is special by Proposition 2.9 (i). O

6. VARIATIONS OF HODGE STRUCTURES ON SPECIAL VARIETIES

6.1. Complex algebraic monodromy group and isotriviality of p-CVHS. In
this section, we will prove an isotriviality statement for polarized C-VHS on special
quasi-projective manifold, reminiscent in this setting of a similar theorem due to Taji
[Taj16] for families of canonically polarized varieties. The result would be a consequence
of Deligne’s theorem of the fixed part in the case of Q-VHS, but does not seem to have
been explicitly stated for p-CVHS. Several of the following facts can also be seen as an
adaptation to the quasi-projective case of the discussion of [Sim92, Groups of Hodge
type, pp.46-48]. We will not try to recall the general theory, but will gather only the
necessary facts relevant to our purposes.

Let X be a complex variety, endowed with a polarized C-VHS V := (E,V, h, EP?) of
weight n. Recall that this means that E = @,.4-0 E? is a direct sum of C* complex
vector bundles, endowed with a flat connection V : A%(X,E) - AY(X, E) that maps
A% X, EP9) into

AM(X, BP9y @ AVO(X, EPR) @ AV (X, BPY) @ AV (X, EPTROY,
Accordingly, one gets a decomposition V = d + 6 + 9 + #*. The polarization h on E is a

V-flat hermitian pairing for which the EP¢ are orthogonal, with h of definite sign (-1)?
on each EP1. If e =3, e, is a section in E, we will write

Q(e,e) = ) (-1)"h(e,e);

this defines a positive definite hermitian form.

Fix a base point o € X, and let Gg = U(FE,,h,). This is a real algebraic group
that acts transitively on the period domain D parametrizing the Hodge structures of
type given by (E,, E5? h,). From the data associated to V, one gets a representation
p:7m1(X,0) - Gr and a p-equivariant period map 1 : X — D.

Another point of view on D is to consider the morphism of real algebraic groups
a:U(1) - Ggr

that can be associated to the decomposition E, = @, , E5, letting a point z = ¢ € U(1)
acts on E,, by 2Pz?9. Then D is in natural 1-1 correspondence with the connected
component of a in the G(R)-conjugacy class of o in Homg (U(1),Gg), in such a way
that a point ¢g-o0 €D is sent to gag™.
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Definition 6.1. We let the real algebraic monodromy group Hgr be the Zariski closure
of the image of p in the real algebraic group Gg.

Our first goal is to show the following.
Lemma 6.2. Assume X is a quasi-projective variety. Then a(U(1)) c H(R).

Proof. Step 1. Hc is the stabilizer of some unitary holomorphic sub-line bundle in
some N™ E. By Chevalley’s classical lemma [Che51], there exists m € N and a tensor
we A" E,—{0} such that
He={g¢Ge|g-weCu)

Let us denote by ¢ : H - C* the induced representation, so that g-w = o(g)w for all
ge H.

Since the line Cw is left invariant by m1(X,0), it defines a flat C* line subbunble
(L,V1)c A™E,V)) (we also denote by V =9+ 9+ 6 + 0" the flat connection inducing
the natural CVHS structure on A" E). Now, by Lemma 6.3 below, one has

m 1

ANE=Le&L"
and L, L* are both fixed by 9, # and 6*. Note however that 6 is nilpotent and rk L = 1
so actually 0|7, = 0, and thus 6*|z, = 0. This means that

vV =(0+0)|L.

In other words, the representation o induced by (L, V1) is unitary, and o factors through
U(1l) cC.

Step 2. One twists the representation to assume that Hc is the fixator of a tensor in
A™ E. Consider the following action of H on A" E,:

hev=0o(h)  (h-v)

It is a well defined group action since the image of ¢ : H — U(1) commutes with
any element of G(C). The associated composition 71(X,0) - H - GL(A™ E,) is the
monodromy of the natural p-CVHS defined on L '@ A™ E. With this notation, one has

H={geGc|g’weCw}
={geGelg®w=w}

In particular, the element w induces a flat section e of L' ® A™ E. Since 0| =0, one
has 6(e) = 0 and similarly 6*(e) = 0.

Step 3. The (p,q)-components eP? of e are all flat. Remark first that

6(eP?) =0,0"(e’?) =0
for all p,q, since O(e) =0, 8*(e) = 0 and both 0, §* both preserve the decomposition
E =@, ,E"" up to a shift. Then, the equation Ve = 0 becomes

(0+0)(e) =0,

but since the operator 0 + d preserves the EP9, one gets 0= (9 +0)(eP?) = (0 + 0 +0 +
0*)(eP? for all p,q. This gives V(eP?) = 0.
Step 4. One concludes that a(U(1)) c¢ Hc. Since the eP? are flat, they are all H-
invariant, and one sees immediately by double inclusion that

He=({geGc|g® e eCe}

p.q
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Note however that g-eP? € CeP? for all g € U(1), so a(U(1)c) c¢ Hc. This gives the
result since « is a morphism of real varieties. O

Lemma 6.3 ([Moc06], see also [GKPT20, Lemma 3.12]). Let X be a smooth, quasi-
projective variety and let V = (E,0g,0,h) be a tame and purely imaginary harmonic
bundle on X with induced flat connection Vg (e.g. a p-CVHS). If F c E is any complex
subbundle that is invariant with respect to Vg, then O restricts to both F and F* to give
Higgs-invariant, holomorphic subbundles of (E, ).

Proposition 6.4. The group Hg is reductive.

Proof. The center 3 :=3(gr) 2 R acts by homotheties on FE,, so by Step 1, it is included
in hg. Thus, the adjoint algebra g’ = 9R/5 contains naturally the quotient b’ := bR/é’
and we just have to show that the latter is reductive.

The morphism o : U(1) - G yields a Cartan decomposition g = ¢’ ®@p, decomposing
this space into the +1 eigenspaces for Ad(a(i)). Recall that the Killing form B on g’ is
definite of signature (—1,1) with respect this decomposition.

Since a(U(1)) c Hg, then Ad(«a(7)) leaves b’ invariant and one can write

b= (b ne)@ (b np).
But then B induces a negative definite form on the real Lie algebra
wi= (b ne) @i(h' np) c gt
As a consequence, u is a compact Lie algebra, and hence it is reductive (see [Hel78, II,

Proposition 6.6]). Since u and h’ are two real Lie algebras with the same complexifica-
tion, this shows that b’ is reductive, as we wanted. O

Proposition 6.5. If the connected component Hy is abelian, then 1 is constant. In
particular, this holds if the image of p is virtually abelian.

Proof. We may replace X be a finite covering to assume that Hyp = Hg. In this case, if

Hp is connected and abelian, then gag™' = « for all g € H(R), since a has its image in
Hg by Lemma 6.2. Thus, for all h € H(R), one has

h-1(0) = ¥(0)
and thus v (0) is fixed under the image of p. It implies that the period map 1 : X - D
descends to a horizontal map X — D. This map is then constant by Proposition 6.6. [

The next result was needed in the proof of Proposition 6.5; we include the proof for
completeness. To state it correctly, we need to introduce some notation.

Let V c Gg (resp. K c Gg) be the compact Lie subgroup with Lie algebra v := ggrng®®
(resp. t), one can form the associated period domain (resp. locally symmetric space of
the non-compact type)

D= G(R)/V(R) (resp. 2= G(R)/K(R))

One has a natural projection map 7 : D — () such that for any horizontal map
f:V = D from a complex manifold, the composition V' — € is pluriharmonic with
respect to the invariant metric on 2.

Proposition 6.6. Let D be the period domain for a certain type of p-CVHS. Let U be
a quasi-projective manifold, and let 1 : U — D be a horizontal map. Then v is constant.
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Proof. Let X = U u D be a compactification of U, where D c X is a simple normal
crossing divisor. The map ¥ can be seen as a p-CVHS with trivial monodromies on U.
Hence, by the results of Griffiths [Gri68] (see also [Sch73, (4.11)]), the map v extends

holomorphically to a holomorphic map v : X — D, which is also horizontal by continuity.

Now the composition X — € is a pluriharmonic map on a complex manifold, so it
must be constant. This shows that ¢(X) lies in a fiber of 7. However, 1) is horizontal,
and since the horizontal directions are transversal to the fibers of 7, this shows that
is constant. 0

6.2. Isotriviality of polarized C-VHS on special varieties.

Definition 6.7. Given a p-CVHS V on a complex manifold U, we say that V is isotrivial
if its period map is constant.

Theorem 10. Let U be a quasi-projective manifold. Let V = (V,F* h) be a p-CVHS
on U. Assume that U is special. Then V is isotrivial.

Proof. Let Hg be the real algebraic monodromy group of V, and p: m1(X,0) —» H(R)
be the associated representation.

Step 1. A first reduction step. We apply [CDY23, Proposition 2.5] to obtain the
existence of a diagram

“w
u” s U XL U

and a big representation 7 : (V) > H(R) such that f*7 = (vopu)*p. In this diagram v
is finite étale, u is birational and proper, f is is a dominant morphism with connected
general fibers. By Proposition 2.9, all varieties appearing in this diagram are special.

Step 2. The algebraic group Hg is abelian. The representation 7 : m (V) — H is a
big representation with Zariski dense image in a reductive group, while V is special.
Hence, by [CDY23, Theorem 0.9], the group 71 (V') is virtually abelian, and so must be

——Zar
H =Im(7) “ But then 1 is constant by Proposition 6.5. O

7. ASYMPTOTIC STRUCTURE OF PERIOD MAPS WITH VALUES IN THE BALL

7.1. The local case. In this section, we will describe the local structure of a period map
with values in B™. This description can be seen as a very particular case of Schmid’s
nilpotent orbit theorem [Sch73] or rather their versions presented by Sabbah-Schnell
[SS22] or Deng [Den23] in the case of CVHS. We try to give a quite detailed presentation,
as several features specific to the case of the ball will be crucial in our study of the
uniformizing map near a log-canonical singularity.

7.1.1. Notation. We introduce the following notation.

(1) Let X = (A*)k x A" % be a pointed polydisk, with its partial compactification
X = A". We endow X with the standard coordinates zi,...,2,. Let D = X — X.
For any J c [1,k], we let Dy = {z; = 0| j € J}. We fix the base point o :=
e?™(1,...,1,0,...0) € X.
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(2) Denoting by H the Poincaré upper half-plane, we let X := H* x A" % and endow

it with the standard coordinates wi, ..., w,. We take as universal covering map
m: X — X the map sending w € X to
m(w) = (62”“’1, e €5TOE ,wn).

Note that 7(i,...,4,0,...,0) = 0. We let F = {0 < Re(w) < 1}¥ x A" *; this is a
fundamental domain for the action of 7, (X,0) on X.

(3) Let p:7m1(X,0) — PU(n,1) be a representation, and consider a p-equivariant map
¥ : X - B". Unless there is a risk of confusion, we will also use the letter o to
denote the origin of B".

(4) Let v1,...,7vk € m1(X, 0) be the classes of the loops around the boundary components
Dj:={z; =0}. Let A; = p(7;) € PU(n,1). The elements A; are pairwise commuting,
since 71 (X) = ZF is abelian.

7.1.2. Normal form of the period map. Consider a sequence of points (g, )men € X' such
that lim ¢, =0 € X for the usual topology. This sequence admits a unique lift (p, )men

m—00
to the fundamental domain F' c X. We let b, := ¥(p,,) for m € N. By compactness of
B", we may and will replace (p,,) by a subsequence so that there exists b, € B? with
by, —> beo €BM.
m—>+00

The main result of the section is as follows.

Proposition 7.1. One of the following two cases occur.

(1) One has bo € B". Then there exist B € PU(n,1) such that B - be = 0 € B", real
numbers (p,q)1<p<n,i<q<k in [0,1) and a holomorphic map ¢ : X - C" such that

for any w = (w1,...,w,) € X, one has
B- 7,/}(11)) — (e2i7r Yq<k Oél,qwq(pl(z)7 . ,€2iﬂ- Xq<k an,qwqun(z)) (12)

where z = (w).

(2) One has b, € OB". Let ¢ = ¢y, : B" —> S,, be the Siegel presentation of the
ball with respect to bs,. Then there exists B € PU(n,1) fizing boo, Teal numbers
(ap,g)1<pen—1,1<q<k N [0,1), real non negative numbers (Tq)1<q<k, Mot all zero,

and a holomorphic map ¢ : X — C" such that for any w = (wy,...,wy,) € X, one
has
B -(w) = ¢*1(e2i7r2qgk MLaWa (7)), ... 76% sk an-la%ay 1 (2), on(2) + Z quq) (13)
q<k

where z = w(w).

Remark 7.2. Another way of stating (12) and (13) is to say that after composing by an
automorphism B € Aut(B™), the map 1) corresponds to a multivalued map

ze A" —s diag(n 231’q7---,H33n’q)'¢(z)-
q q

or

a e 1
ZGA"Hdiag(qul’q,...,qu"l‘q,l)-(gp(z)+(0,...,0,%Zquog(zq))) (14)
q q q

Let us prove Proposition 7.1. The following lemma is classical.
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Lemma 7.3. One has Aj-boo = beo for all j e [1,k].
Proof. Let (ey,...,e,) be the standard frame for C". Letting d,  be the Kobayashi

distance on X, it is an easy exercise to check that

dKX(pm,pm +ej) i 0

—s+00

since Im(p,,) —> +o00. The decreasing property of the Kobayashi distance implies that

dn (Y (Pm) P (pm + €5)) < d}(,X(pmapm +ej) —0

Now, one has

Y(pm) =bm and  P(pm, + ej) =Aj by,
s0 dgn (b, Aj - by) tends to 0. The euclidean distance on B" is bounded from above by
the hyperbolic distance, so passing to the limit gives deyci(boo, Aj - boo) = 0. This proves
the result. O

To prove Proposition 7.1, we will deal separately with the two possible cases.

7.1.3. Case 1: bo, € B™. This case is the easiest one. Pick B € PU(n,1) such that
B bs = 0. Then we may replace 1 by B - and the A; by BA]-B_1 to assume by, = 0.
Then, since A;-o = o, all the elements A; belong to U(n) = Stab,(PU(n,1)). Finally, as
these elements are pairwise commuting, we may find again an element B € U(n) such
that
BA;B™! = diag(e* ™, ... ¥ ™) (1<j<k)

in U(n), where oy 4 € [0,1) for all p,q. Again, we may replace ¢ and the A; as above
to assume that A; are written as the previous diagonal form.

We may now untwist ¢ by the n-parameter group
M :we (C)" — diag(e*™ La®a%a 27T Lqona%a) ¢ PGL(n)
to get a single valued holomorphic map ¢ : z € X — ¢(z2) = M(-w) - (w), where
z=7(w).

To check that ¢ can be extended to X, it suffices to remark that since v lands in B",
we must have for all j € [1,n]:

1'[1 |2q|%] i (2)] = |t (w)| < 1.
o

Since we have ;4 < 1 for all j, the holomorphic function ¢; cannot have have a pole
along any component of D. This ends the proof in the first case.

7.1.4. Case 2: bs € OB™. With the notation of Proposition 7.1, we will replace for
simplicity B" by its Siegel model Sy, and the map ¢ by the composite ¢ o ¢, so as to
consider a p-equivariant holomorphic map ¢ : X - §,,.

As explained in Section 2.3.4, one has a decomposition Ny = Ly x Wp_, where
Ly, 2U(n-1) xR. For each j € [1, k], let us write

Aj:(ijijMj) (RjEU(n_l)vTjeRvMJEwa)

(15)

accordingly to this decomposition. The following two lemmas will give some restrictions

concerning the elements of this expression; the first one is certainly well known, but we
include a proof for lack of a better reference.



32 B. CADOREL

Lemma 7.4. One has r; =0 for all j € [1,k].

Proof. Assume by contradiction that r; # 0. As we have seen in the proof of Lemma 7.3,
one has dgn (b, A; - by,) —> 0. Thus, to obtain a contradiction, it suffices to show that
under our hypothesis, there exists € > 0 depending only on r; such that

VpeB", dgn(p,Aj-p) >e€

Step 1. We reduce to the case p = o. Let p € B", and let B, € PU(n,1) such that
p = By - 0. Using the Iwasawa decomposition, one can write B), = S,T}, with S}, € Np_|
and T, € K := Stab,(PU(n,1)). Then, one has

dBn (p, Aj 'p) = dBn(Spr + 0, AjSpr . O)
=dgn(Sp-0,4;5,-0) (since T), € K)
= dgn (0, 4; - 0)

where 4; = S,1A;Sy. Writing this element as in (15), one finds A; = (R;,7, M;). Note
that one must have 7 = r; since (EJ,?J) is the image of A\j under the quotient map
Np,, — Ly, and conjugation leaves the center R c Ly invariant. We have reduced to
showing that if A = (R, r, M) is written as in (15) with r # 0, one has dgn (0, 4 -0) > €,
where € depends only on r. We may assume r > 0 by replacing A with A™! if necessary.

Step 2. We reduce to the one dimensional case. Write R = (7,a), accordingly to the
notation of Section 2.3.4. Now, in the standard coordinates of the Siegel domain S,
one has 0= (0,...,0,7), and one can write

A-0=(e"R-a,e (i +ila|]* + 7))

The projection on the last coordinate S,, - H is distance decreasing for the Kobayashi
distance, so one has

dgn(A-0,0) > dH(eZT(l + HaHQ)i +e'T,1)

Now, it is easy to check that for any A > 1, and any ¢ € R, one has dy (i, \i +t) > log(\).
This shows that

dgn(A-0,0) > 2r +log(1 +|a|]*) > 2r.
This gives the result. O

We are now ready to make a first conjugation by an element By € PU(n,1) — this
By will eventually give a factor of the element B mentioned in the statement of Propo-
sition 7.1. Since all the matrices A; are pairwise commuting, so are the elements R;,
since the latter are the images of the A; by the quotient map Ny — Lp_ . Thus, they
may be diagonalized in a single unitary basis, meaning that there exists By € U(n —1)
such that

BiR,Bi! = diag(e*™1a ... e TOn1a) (1< q<k) (16)
where the () 1<p<n—1,1<q<k are real numbers.

Without loss of generality, we may replace 1 by Bj -1 and the A, by B1A;B; L to
assume all the R, have the diagonal form (16).

Lemma 7.5. For any j € [1,k], write M; = (75,a;) € R x C"™, accordingly to the
decomposition of Wy, detailed in Section 2.3.4. Then the image (Rj,a;) of Aj under
the quotient Ny — Sim(C" 1) 2 U(n 1) x C* ! is a pure rotation.
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Proof. Recall that R; has the diagonal expression (16); we may reorder the coordinates
so that

Rj = diag(emﬂalvj’ .. ’e2i7rap’j7 1, ey 1) =: dlag(R;, In—l—p)'

with the first p coordinates are all different from 1. The matrix R;- is a diagonal unitary
matrix of size p.

It follows from Lemma 2.1 that we may conjugate (R;,a;) by a translation of in C"*,
to assume that the vector a; has zero coordinates except possibly for the last n—1-p
entries, so that

aj = (0,a}) e CP xC" 1P

Such a conjugation in Sim(C" ') can by obtained by composing v with an adequate
element in PU(n,1). In the following, we assume that this conjugation has been made.

With the previous notation, the action of A; on S then splits accordingly to the
decomposition C*~! = CP x C""17P to give a rotation on one factor, and a translation on
the other. More precisely, if we pick (3/,yn) € S c C*1 x C and write ¥’ = (y.or, Yiran) €
CP x C" P, then one has

Aj (V' yn) = (R} Yrots Yiwan + @y Yn + 200 - Yppg + illaf]* +75). (17)

The proof that (R;,a;) is a pure rotation will be complete with Lemma 7.6, which
will make use of the C-VHS version of Schmid’s nilpotent orbit theorem [Sch73] proved
by Sabbah-Schnell [SS22]. O

Lemma 7.6. We have a}; =0 for all j € [1,k].

Proof of Lemma 7.6. We will derive a contradiction by assuming the contrary. Choose
j €[1,k], and fix a constant w; for all [ # j, so as to consider the one-variable map

CrweHw ((w) = (wr,...,wj_1,w, W41, ..., Wn)
We have a natural decomposition

C(w) = (Grot(w), Ctran(w), Gu(w)) € CP x C" 1P x C.

Recall that ((w + 1) = A; - ((w). Projecting ¢ to its last n — p coordinates, one gets a
holomorphic map with values in the (n—p)-dimensional Siegel domain S,,—,, := {(w’,w;,) €
Ch Pl x C| Im(wy) > [Jw'||?}:

CI tweH — (Ctran(w)a Cn(w)) € Sn—p c PP

The map ¢’ can be seen as a C-VHS with values in the compact period domain P" 7,
We see from (17) that its monodromy is given by the unipotent element

/
In_p_l 0 a]

2ifal, 1 illaj|l* +7; [ € Aut(P"P).

0 0 1
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(the vector a; is considered here as a line matrix) The previous element is the value for
w =1 of the one-parameter group
Inp-1 O a;-w
M:weC" —s 2Z'ta_9w 1 z’||a;~||2w2 + 1w | € PGL(n-p+1).

0 0 1

The nilpotent orbit theorem (see [Sch73, 4.9], [SS22, 24.]) has the following conse-
quence:

Claim. The monovalued untwisted period map
ze A" M(~w) - [Cran(w) : Go(w) : 1] e P*7P
extends holomorphically across the origin.

We may thus write the application appearing in the previous claim as z € A
[Diran(2) © ¢n(2) : 1] where ¢pran : A* - C* P71 (vesp. ¢, : A* — C) is a holomorphic
map that is meromorphic across the origin. Twisting this map back by M (w), one may
write

¢"(w) = (Dtran(2) + ajw, Pn(2) + 2ia} - Grran(2)w + i||a;||2w2 + Tjw).

Note that this expression must land inside S,,_, for all w € H. This is however
impossible if a} # 0; to remark this, apply Lemma 2.7 to f(2) = ¢n(2), g9(2) = 2ia;’ -
Gtran(z), a = ||a;-||2 and 3 = 7;. This ends the proof of Lemma 7.6. O

We can now prove that in Case 2, the function 1) can be written as in (13). We have
proven that all monodromies A; = (R;,0,7j,a;) are such that the elements (Rj,a;)
are pure rotations of C™. These elements are all pairwise commuting because the A;

commute. Thus, by Lemma 2.2, they all share a common fixed point : this allows to
find a new element By € Wp_ such that

ByA;By' = (R;,0,7,0)

for all j € [1,k]. Again, without loss of generality, we may replace ¢» by By-1) and A; by
By A; By L Applying the nilpotent orbit theorem once more, we may now untwist the
map v by the n-parameter group

6217r Zq Qa1,qWq

M : (w;) € ((C*)n — 21T X g Qn-1,qWq e PGL(n+1)

L Xy 7qwq

1

to get a holomorphic map ¢ : z € X — M (—w)-9(w) € C™ that is actually meromorphic
across the boundary divisor. Equation (13) now follows from the definition of .

It remains to be shown that the function ¢ extends holomorphically across D.

Claim. The function p, extends across D to a holomorphic function ¢ : X — C".
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Proof. To prove this, it suffices to show for example that ¢, extends across D;. Writing
that the expression (13) must land inside S,, we get that

Im(p,(2) + iquq) >0 (18)

for all w € X. Fixing all w, but the first one, and using the fact that Tm(w;) = —% log |z1],
we obtain that there exists C' > 0 such that

1
Im(¢pn(2)) = 71— loglz1| + C.
27

for all such w. Applying Lemma 2.6 with the variable z = z1, we get that ¢, has no
pole along D;. We can do the same for all D; and get the result. O

Claim. All ¢; extend across D as holomorphic functions for j <n—1.

Proof. This time, writing that (13) lands inside S, = {(2/,2,) € C*t x C | ||| <
Im(zy,)}, one finds

n .
[T 124l [ (2)7 = ¥ Za a5 (2)[* < Tm(pn(2) + 74 . wg)
g=1 q

for all j € [1,n]. Let us fix all the z, for ¢ # 1, and let z; — 0.

By the previous claim, one has Im(y,(z)) = O(1), so the right hand side grows at
most as O(|log|z1]|). Since oy 4 € [0,1) for all p,q, ¢; does not have a pole along D;.

Since this also holds for Do, ..., D,, one gets the result. O

The proof of Proposition 7.1 is now complete.

Remark that the condition (18) implies that we must have 7, > 0 for all g € [1,k]. At
least one of them must be positive in order to have ¥(¢y,) — b as m — +oo.

Lemma 7.7. Let hx be the KE metric on X descended from the pullback metric 1" hgn.
Then

(i) the metric hx is complete if and only if we are in the situation of Proposition 7.1
(2) with all the T4 > 0.
(ii) the metric hx has finite volume.

Proof. (i) It is easy to see that if we are in the situation of Proposition 7.1 (1) or
Proposition 7.1 (2) with at least one 7, = 0, then the metric cannot be complete (either
0 or the component D, with 7, = 0 are at finite distance). Let us then focus on the
second case, and assume all 7, are positive.

We will check below that (23) implies that the metric ¢*hg» is bounded from below
by a Poincaré form depending on the factor (A*)*:

. ko idz; A dz;
¢ wBergZCZ#

: (19)
3 121 log? |z

This inequality that any smooth path joining a point of U, to a point of the boundary
is of infinite length, which gives the result.
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Let us verify that 1)*wperg indeed has the required growth. Since the element B leaves

the Bergman metric invariant, we see that we may assume that ) : U, — S, corresponds
to a multivaluate function on X given by

~ ~ 1
0(2) = (91(2); - Dn1(2), du(2) + 3 5—7qlog(29)) (20)
gk 20T
where Egj(z) = [Ty<k 2*79¢5(2), and all ¢; are bounded holomorphic single valued func-
tions. By (3), one has

9" (1) A ¢* (1)

*
(0 WBerg 2 —* 2

Then, the lower bound (19) comes from (3) and the following estimates, that follows
easily from the expression of the function [ :

Lo (=) == 3 7L log =] + O(1)

q<k

1 d
() =~ Dot 0l

q<k q q<k

for some € > 0. In each of these expressions, O(f) denotes a function or 1-form on U,
with possibly multivaluate coefficients, with absolute value bounded from above by a
multiple of f. To obtain the second estimate, note that Bj(z;‘j”’) = aj7qzaﬂ'ﬂ‘1 if ajq > 0.

(11) Let us prove the result in the case of Proposition 7.1 (2), with all the 7, > 0 for
1 < ¢ <k. Then, with the notation of Section 2.3.3, the volume form on S, is

wgn 1 . 4 —/ . l4 —/ Z —/ 4 — I 3—/
F=Wzdyl/\dyl/\.../\zdyn_l/\dyn_l/\— dy, + Z yidy; A dy, + Z y;dy; |-

4 1<j<n-1 1<j<n-1

Thus, pulling back this form by the multivaluate expression (14) yields an upper bound

% <C 1 Alsjgk ide A dzj

n! = [- Y q<k 108 |Zq|]nJrl [Tg<r |Zq|2
as z = (21,...,2n) goes to the boundary. The expression above is integrable on (A*)* x
A" F which gives the result. The other cases can be proved with a similar computation.

g

The following fact must be well-known to experts, but we prefer to recall a proof for
completeness. In Remark 4.1, we used this proposition to show that the open part of
the variety X ™ is not a ball quotient.

Proposition 7.8. Let X be a smooth projective variety, endowed with a SNC' divisor
D, and let X := X — D. Assume that X = F\Bn 18 a ball quotient by a subgroup
I' ¢ Aut(B") that acts freely and properly discontinuously. Then T is a lattice i.e. it
has finite covolume. At least one component of D must be birational to a quotient of an
abelian variety by a finite group.

Proof. Let hx be the metric descended on X from hgr on B". By Lemma 7.7 applied
on a set of polydisks covering D, we deduce that hx has finite volume. Hence I' is a
lattice. Let IV <« T" be a normal subgroup of finite index such that I'” has only unipotent
parabolic isometries, and let G := F'\F. Let X' := I"\Bn, and let X’ - X be the
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associated covering with Galois group G. Since I'' has unipotent parabolic isometries,
the variety X’ admits a minimal smooth compactification Y’ with boundary made of a
disjoint union of abelian varieties.

Denote by p: X' - X the normalization of X in the function field of X’. The variety
X' has at most klt singularities by [KM98, Corollary 5.20], and thus one may apply
[Den22, Lemma A.4] to deduce the existence of a birational morphism f : X 5y
sitting in a diagram

In this diagram, the existence of g comes by taking the quotient of f by G, using the
J— -/
fact that X = G\X . Then, since f is birational, so is g¢; this implies that for any

boundary component of G\Y’, there is a component of D = X — X that is birational to
it. This gives the result. O

7.1.5. Local limit of the period map across the boundary. Passing to the limit Im(w;) —
+o00 (7 € J), we see that the expressions (12) and (13) induces a holomorphic map on
{0,...,0} x [Tj»x A, with values in either in B" or in cn L.

Let us introduce a definition to encapsulate the behaviour of this limiting map; in
the next section, this definition will become the local model of the global extension of
the period map across the boundary.

Definition 7.9. Let ¢y be a holomorphic map on {0}* x A", with target space to be
decided below. We say that g is a limiting map for ¥, with limit point b, € B™ if one
of the following occurs.

(1) One has be € B™. Then 1) takes its values in B". There exist B € PU(n, 1) such
that B - be = 0 € B", real numbers (o q)1<p<n,i<g<k i [0,1) and a holomorphic
map ¢ : X — C" such that for any w = (w1, ..., Wk, Zks1s- - -, 2n) € X, one has

B-yp(w) = (€T Zask i (2),. ., €T ek Mnatag (7)) (21)
and for any point z = (0,...,0,2g4+1,-..,2,), one has

B -1o(z) = (d11(2), - -, 0npn(2)) (22)
where z, = 2™ for all ¢, and §; € {0,1} equals 1 if and only if all a;, are zero
for 1<g<k.

(2) One has be, € IB™. Then 1) takes its values in C*L,
If we let ¢ := ¢, : B" — S,; be the Siegel presentation of the ball with respect
to beo, there exists B € PU(n, 1) fixing be, real numbers (apq)1<pn—1,1<q<k i
[0,1), real non negative numbers (7;)1<4<k, not all zero, and a holomorphic map

@ : X — C" such that for any w = (w1, ..., Wk, Zks1, - - - Zn) € X, one has
B . w(w) = ¢71(€2iﬂ- quk alquqS01(2), . 7621'71- quk an—l,qwqcpn_l(z)7 Spn(z) + Z quq) (23)
q<k
and for any z =(0,...,0,2k41,...,2n), one has

B'@bo(z) = (61 @1(2),...,5n_1<pn_1(z)) (24)
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where z, = e?™a for all ¢. In this last equation, the action of B on C" ! is
induced by the quotient map W, - Sim(C"™!), and again 4, € {0,1} equals 1 if
and only if all o4 are zero (1 <g<k).

Remark 7.10. In case (1), unless all A; are trivial for all j € [1, k], there is at least one d;
which is zero. In this case, the map 9y actually takes its values in a smaller dimensional
ball given by the intersection of B" with an affine subspace.

Proposition 7.1 now allows to construct the limiting map from ¢. Inspecting (12)
and (13) permits indeed to obtain it simply by taking the limit of the corresponding
multivaluate map, as expressed in the next proposition.

Proposition 7.11. With the notation of Section 7.1.1, there are two possible cases:

(1) the limit boo = limy ()0 (w) exists in B". In this case, for all z € {0}k x A™F,
the following limit

Yo(2) = lim ¢ (w)

m(w)—z

is also well-defined as a point in B™, and the map Yo is a limiting map for 1.
Unless the monodromy is trivial, the map g factors through a totally geodesically
embedded ball

m Stab(Aj) G B".
1<j<k
(2) the limit boo = limy()-o¥(w) exists in OB". Let ¢ = ¢y, = B" - S, be the
Siegel model at b, and consider the composition m,_1 = projcn-1 o ¢, where
projcn-1 18 the projection on the first coordinates. Then, for all z € {0}’C x A"F
the following limit

Vo(2) =l -1 ((w))

is well-defined as a point in C" 1, and the map g is a limiting map for 1.

7.2. The global case. We will now consider the global situation, and describe the
structure of period maps induced on the boundary of a complex open variety. Let us
introduce the following geometric data.

(1) Let X be a complex manifold of dimension n, and let D be a simple normal
crossing divisor on X. We let X = X — X, and pick a base point o € X. For each
j €[0,n], we let Dy c D the smooth k-codimensional locally closed stratum.

(2) Let p: m(X,0) > PU(n,1) be a representation, and consider a p-equivariant
map ¢ : X — B".

(3) Let k € [1,n] and Y c Dy be a connected component. We fix Y - Y, a
connected component of the covering over Y induced by X — X, in the sense of
Section 2.5.

We are going to construct a representation o of m1(Y) and a o-equivariant map vy
on Y, with values in B” or C"!, so that this data is locally compatible with 1) in the
sense of Definition 7.9. We start by constructing the map.

7.2.1. Construction of the map. To properly describe the local model of the limiting
map in our global situation, we need to introduce a few more notation.
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Notation 7.1. Let y € Y be any point, and let U = (A*)* x A" ¢ X be a pointed
polydisk centered at y. Consider the fiber product

UXXX—)X

|

U—+—X

The manifold U xx X is a disjoint union of copies of open manifolds of the form (A*)x
HF! x A"k If V is one of these components, its universal covering is V 2 HF x A™F
and we will denote by oy HF x A"F 5 B the composition of the natural maps

VoUxxX—>X—>B"
Proposition 7.12. In the following, we will pick y' € Y with projection y €Y. We then
introduce V LU as above with U is centered at y, where V is the connected component
of U xx X neighboring y' in the sense of Section 2.5.
With this notation, there are two possibilities.
(1) For all y' €Y' as above, the limit ¢o(y') = limy (., v (2) exists in B". This
limits depends only on y', but not on the choice of U.
The map vy : Y' — B™ is holomorphic. Unless the monodromy around all

component of D containing Y is trivial, the map g factors through a totally
geodesically embedded ball BP - B™ (p<n).

(2) There exists boo € OB™ L such that for ally’ €Y' as above, one has limy (), Yv(2) =
boo. In this case, for all such y' €Y, the limit

ho(y') = L projent © Go.. © Y(2)

exists in C* L.
The map 1y :Y' - C* ™ is holomorphic.

To prove this proposition, the only thing left to check is there cannot be two points
of Y’ that do no satisfy the same item in Proposition 7.11. This simply comes from the
connectedness of Y’, and the fact that each of these two situations is satisfied on an
open subset of Y.

7.2.2. Construction of the induced representation. We are now going to construct a
representation of 71(Y) (or even more precisely, of 7 1(Y) / (Y’ )), under which the
map g constructed above is equivariant. To define the image of a loop +y inside Y, the
idea will simply be to move it a little bit to get a loop u inside X, and then to check
that the image p(u) € PU(n,1) has a well-defined action on the image of vy, that does
not depend on the choice of the moved loop.

We fix a base point by € Y, and consider a pointed polydisk U = (A*)k x A"F adapted
to D and centered at by. We let W < X be a euclidean tubular neighborhood of Y with
C® projection map q: W — Y. We pick a base point b € W n X so that q(b) = bg. Let
Y1,k € T1(X, b) be the classes of meridian loops around the components of D, and
let Aj = p(v;) e PU(n,1).

Consider now a class [y] € m(Y,bg), for which we want to construct the image
o([v]). The lift of v to Y’ connects two points y7,y5 in the fiber of Y’ — Y above
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bo. Let Vi,V c U xx X be the connected components neighboring yi,vy5 (see again
Section 2.5).

We choose a loop p in X, based at b, that is also a section of the restriction to v of
the projection ¢: W nX — Y. Note that the class [u] € m1(X,b) depends on the choice
of p, but only up to a product of some of the ;. Then the lift of u to X links a point
of V1 to a point in V5, so since v is p-equivariant, one has for all y € Va:

Ul (- ) = p([1]) - Plvi (1) (25)

We will now construct the image of [y] by passing to the limit in the previous equa-
tion. Again, one has two possibilities.

Case 1 of Proposition 7.12. Denote by 14 : Uy — B™ and 92 : U - B" be the limiting
maps for ¥y, and |y, (where Uy, Us c Y are n—k-dimensional polydisks). In this case,
the two limiting maps factor by a ball B? c B" that is fixed by all A;. We may assume
that p is the smallest possible dimension.

Letting y tend to a point of {0}* x A"™* in (25) shows that

Yo (v-y') = p([u]) o (y)
for all y' € U;. By analytic continuation, one sees that the element p([¢]) is an isometry
of B™ that preserves the image of 1 : Y’ — B"; it must then also preserve the smallest
dimensional ball B? that contains it.
Thus, p([x]) induces an element o([v]) € Aut(BP). This element does not depend

on the choice of u, since as we said earlier, two different choices differ by a product of
Aj, all of them fixing BP.

It is then straightforward to check that we have obtained a morphism of groups
o:m(Y,by) > Aut(BP).

The map g : Y’ — BP is equivariant by construction.

Case 2 of Proposition 7.12. The discussion is completely parallel to the first case. This
time, one gets a representation

o:m(Y,by) - Sim(C™™1)

with respect to which the map g : Y’ - C"! is equivariant.

8. UNIFORMIZING MAPS IN PRESENCE OF ISOLATED PURE LOG-CANONICAL
SINGULARITIES

In the rest of this section, we will fix the following data:

(1) X* is a normal projective variety with isolated log-canonical singularities. De-
note by X its smooth locus, and let o : X - X* be a log-resolution of sin-
gularities. We assume that all the exceptional divisors in this resolution have
discrepancy equal to —1.

(2) p:m(X) - PU(n,1) is a representation ;

(3) ¥: X - B" is an étale holomorphic map which is p-equivariant.

Under these conditions, the metric ¢)*hgs on X is 1 (X)-invariant, and descends to
X to define a metric that we will denote by hx.
We will prove the following result.
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Theorem 11. Under the assumptions made at the beginning of the section, the following
two claims hold.

(1) the pullback metric 1*hgn is complete on X ;

(2) the map v is a biholomorphism.

Let us first remark that the first point implies the second one, by the classical
Lemma 9.3, applied to Y = X and Z = B". The main problem will then be to show the
completeness of the metric ¢ *hgn, or equivalently of hx.

The core of the proof will be based on the following dichotomy, whose second case will
eventually lead to a contradiction, later allowing us to prove that the pull-back metric
hx is complete on X. This result claims essentially that in our situation, the limit of
the period map sends any given connected component of the exceptional divisor to a
single point, which is either in B™ or in its boundary.

Proposition 8.1. Let q € Xging be a singular point, and let E c X be the exceptional
divisor over q. Let Q ¢ X* be a closed neighborhood of q such that o™ (- {q}) ¢ X
is contained in a finite union of pointed polydisks centered around points of E. Let
Qo = Q- {q}, and fix a connected component Qg of 7~1(Qo) ¢ X.
For each smooth strata Y of E, we will denote by Y' — Y the covering induced by
ﬁo - Q.
Then one of the following two cases holds.
(1) there exists bs € OB"™ such that for any smooth strata Y of E, the map v has a
limit along Y' as in Proposition 7.12 (2). In this case, for any closed neighbor-
hood Q2 5 q small enough, the pullback metric hx is complete on Q - {p}.
(2) there exists bo, € B"™ such that for any smooth strata Y of E, the map ¢ has a
limit along Y as in Proposition 7.12 (1). The induced map on Y' is constant,
equal to be.

As we explained above, we will later show that the second case cannot happen.
Let us prove Proposition 8.1. There are two possibilities to distinguish.

Case 1. All smooth strataY of E are in the situation of Proposition 7.12 (2) i.e. along
all components Y', the map 1 has limiting map towards some by € OB".

Lemma 8.2. All by are equal, i.e. there exists b, € OB™ such that by = beo for all Y
andY" as above. In the local description of Proposition 7.1 (2), all the T; are non-zero.

Proof. Pick two smooth strata Y7, Ys of E, and let Y{, Y3 be two arbitrary components
of their induced coverings. For j = 1,2, let U; c )9 be a pointed polydisk adapted to Y7,
and let U} c Qo be the connected component of U xq, Qo neighboring Y. Then, since
Qo is connected, one can find a path A:[0,1] = Q linking U/ to Uj.

Let Uy = Vo, V1, ..., Vi = Us be a sequence of polydisks in €2y adapted to E containing
the image of mo A, and let Vi = Uy, V/,..., V! = Uj be the connected components of
the Vj xx Qo crossed by A. Then, on each pair (Vj, Vj' ), the map 9 is described as in
Definition 7.9 (#i). As E is connected, one may always shrink Qg to assume that two
consecutive V; are in contact with a common stratum of . By continuity, one sees that
the limiting point in JB™ does not vary as one moves along A, and thus byll = by2/.

Since the map has a limit in OB™ for any component of E, this implies that their
corresponding translation length 7; € R, must be positive. O
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Since the covering € is connected, one sees from the local description of Section 7.1.5
that the point brp does not vary if one changes strata continuously in a given connected
component of E.

Thus, we have proven that we are in the situation of Proposition 8.1 (1): this implies
that the metric hx is complete near p:

Lemma 8.3. Assume that Q is such that o' (Qo) ¢ X is contained in a finite union
of pointed polydisks on which v and its limiting map near E are of the forms (23) and
(24). Then the pull-back metric hx is complete on Q —{q}.

Indeed, we can apply Lemma 7.7 to each polydisk above, using the positivity of all
the translation lengths 7;.

Case 2. There is at least one smooth stratum Y ¢ E and a connected component Y' of
the induced covering on'Y', that is in the situation of Proposition 7.12 (1). As explained
in Section 7.2, we deduce the existence of a representation o : 71 (Y) - Aut(B?) (p<n)
and a o-equivariant map ¢¥p: Y’ — BP c B".

On the other hand, the quasi-projective variety Y is special by Corollary 5.3, so the
map vy is constant by Theorem 10. This proves that locally around each stratum of
E, the map 1 is either in the situation of Definition 7.9 (1) (with a map g constant on
each connected component of Y'), or in the situation of Definition 7.9 (2).

With the exact same proof as in Lemma 8.2, one sees by connectedness of {y and
E that the only possibility is that the first situation is realized around any stratum Y’
with the same constant limiting map g = beo € B".

Lemma 8.4. In the situation of Case 2, one has the following.

(i) The metric completion of Qg for the distance induced by hx is obtained by adding
only one point.

By (i), we may endow 2 = Qyu{q} with a complete metric induced by hx . Let T c w1 (X)
be the subgroup generated by the meridian loops around the components of E. Let ro >0
be small enough so that My := By, (q,70) — {q} c Q, and let My c Qg the inverse image
of Mo by . Let N = By, (boo,70) = {boo } -

(i) Then My is invariant under the action of T, and the restriction 1 : My — N is a
T'-equivariant map that is étale and isometric at any point.

Proof. (i) The description of (21) shows that
Hdw* ('Um)Hth m_—>) 0

+oo

if (v, ) is a sequence of lifts of tangents vectors to X, that tends on X to a tangent vector
to E. Thus, one sees by connectedness of E that if (a,,), (by,) are Cauchy sequences in
Qo that tend to different points of F, that one has

dhX (am7 m) - 0.

m—+oo

This shows that the metric completion can be obtained by adding a single point.

(i1) This point is clear, since the metric ¢*hgn is invariant under the action of I'. [

Lemma 8.5. The two assumptions of Lemma 9.1 are satisfied, with M = My, g = hx

and h = hgn. In particular, My 2 N.
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Proof. For later reference, let us first remark that since for any r € (0,ry), the set
A, =Qy - By, (q,r) is compact (recall that  is closed), then one can find €, > 0 such
that for any p € A,, the injectivity radius of hx at p is higher than ¢,.

Let us prove that the two assumptions hold. In the proof, the notation 1 will denote

the restriction ¢|g7. We fix y € N, and let 71 := dpg (boo,y) € (0,79). Choose any
T e (0, 7“1).
(1) Pick any x € ¢! (y). Remark that dj, (¢,2) > dpyn (beo, y) > 7 since the differential
of 1 being isometric at any point, the map ¢ cannot increase distances. This proves
that x € A,, so the injectivity radius at x is higher that €.. We may decrease ¢, a bit so
that B(y,¢€,) injects in N; note that this can be done independently of z.

We then have a commutative diagram

TR My = TEN,

]

B(0,¢,)

B(x,¢) ¥

” B(yaer)

The exponential arrows are diffeomorphic since €, is smaller than the injectivity radius
at x. This proves that the bottom line is a global isometry, and thus implies that the
first assumption is satisfied, since ¢, is independent of x.

(2) Let v’ > 1y be small enough so that By, (g,70) — {g} < Qo, and let K = B(be,r") -
B(boo,r). It is a compact subset, clearly invariant under the action of I' ¢ Aut(B"),
since I' leaves by, fixed.

We may choose L c " (K) = By, (q,7")~ By, (g,7) as follows. First, let Uy, ..., U, c
Qo be a family of pointed polydisks adapted to E c X, that completely cover E, and
which are closed in €. For each polydisk U;, we may chose a closed subset F}; c €,
that is a fundamental domain for the action of the meridian loops of Uj.

Now, if we let L = (U7l Fj)) n Y~ 1(K), one sees that the orbit I'- L fully covers
1~ 1(K), which gives the result.

We may now apply Lemma 9.1, since N 2 B" — {0} is simply connected (recall that
n>2).

Il

Lemma 8.6. The situation of Proposition 8.1 (ii) cannot happen.
Proof. Under the assumptions of Proposition 8.1 (ii), we have proven that M, identifies
with B" — {0}, on which I' acts as a subset of U(n). The manifold M is then the

quotient I‘\MO. For My to be a separated topological space, the group I' must be

discrete, and thus finite since U(n) is compact. But then, this shows that the analytical
space By, (g,70) = Mo U {q} can be seen as a quotient:

By (gq,m0) = T\B".

Hence g € X* is actually a quotient singularity, and thus is klt. We obtain a contradiction
with the assumption made on the discrepancies of X*. O
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All in all, we have proven that the situation of Proposition 8.1 holds at any singular
point ¢ € X*, which proves that the metric hx is complete on the open part X. This
ends the proof of Theorem 11.

9. RESULTS FROM TOPOLOGY
9.1. Criteria for universal coverings.

Lemma 9.1. Let (M,g) and (N,h) be two Riemannian manifolds. Let ¢ : M — N
be a differentiable map that is étale and isometric at any point of M. Let " be a group
that acts by isometries on M and N, such that ¥ is I'-equivariant.

We make the following two assumptions.

(1) For any y € N, there exists € >0 such that for any x € v~(y), the map
¢|B(z,e) : B(LL’, 6) - B(yv 6)

is a diffeomorphism;
(2) for any y € N, there exists a T'-invariant compact subset K ¢ N containing vy,
and a compact subset L c ~Y(N) such that

Y (E) = Ur L.
~vyel'
Then 1 is a covering. In particular, if N is simply connected, then v is a diffeomor-
phism.

The result will follow for the following more precise claim, that implies immediately
that 1) is a covering.

Claim 9.2. For any y € N, there exists € >0 such that one has a disjoint union:
v (B(y, )= | Bl
zeyp~1(y)

Proof of Claim 9.2. Suppose the contrary. Then we may find y € N and two sequences
(an), (by) € ¥~ (y)Y of pairwise distinct points such that

Vn, B(ap,27")nB((b,,27") 2.
In particular, one has lim dg(an,b,) =0. Let now K and L be as in assumption (2).
n—>+00

By the defining property of L, there exists a sequence (7,) € T such that v, - a, € L
for all n € N. One also has

V(Y- an) =P(nbn) =m-ye K (26)

for all n, since K is I'-invariant and v is I'-equivariant. Thus, we may extract sequences
to assume that v, - ap, — Teo € L, and v, -y — Yoo € K. One has ¥(Zw) = Yoo by
continuity of . Also, since d(Vy,-an,Yn bn) = d(an,b,) — 0, one has also vy, a;, — Too.
But now (26) contradicts our assumption (1) that implies that ¢ must be injective in a
neighborhood of xs. O

Lemma 9.3. Let Y, Z be connected complexr manifolds, and let 1 :' Y — Z be a holo-
morphic map, €tale at any point. Endow Z with a hermitian metric hy, and assume
that Z is complete without self-crossing geodesic. If the pullback ¢*hz is complete, then
1 is a biholomorphism.
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Proof. 1 is surjective. Choose a base-point b € Y, and let z € Z. Since Z is complete
and connected, one can link ¥ (b) to z by a geodesic 7. Let [ € R be its length and
v € TpY be a vector such that .(v) directs v at z. Since Y is complete, one can
consider the endpoint y € Y of the geodesic starting at b, directed by v with length [.
Since 1) preserves geodesics, one has ¥ (y) = z.

Y is injective. Let y,y" € Y be two different points such that ¥(y) = ¥ (y’). Let ~
be a geodesic linking y to y’. Then its image by 1 must be a non-trivial self-crossing
geodesic, which does not exist by assumption.

This gives the result. 0
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