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Differential of a period mapping at a singularity”

MARK GREEN AND PHILLIP GRIFFITHS

To Herb Clemens; Lefschetz said he put the harpoon of topology into the

whale of algebraic geometry, and Herb did similarly for topology and Hodge

I

IT

theory

Abstract: The study of the variation of Hodge structure in a
family of algebraic varieties is an important topic in algebraic ge-
ometry. Of special interest is analysis of the Hodge structure in a
family of varieties X, t € A = unit disc, where X is smooth for
t # 0 while Xy may be singular. It is known that if the monodromy
is finite, then the Hodge structure fills in at ¢ = 0. When the mon-
odromy is infinite there is a well-developed understanding of how
the Hodge structure degenerates. In this paper, we shall define and
study properties of the first order variation of the Hodge structure
at t = 0, both when the monodromy is finite, e.g., for a family of
smooth surfaces acquiring a normal non-Gorenstein singulariy, and
for the case when the monodromy is infinite. In the latter case, we
shall give a Torelli type result that may be used to infer Torelli
properties in the interior of a moduli space from these properties
on the boundary.
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I. Introduction
I.A. General introduction

The uses of Hodge theory in the study of the geometry of algebraic varieties
include

e the topology of algebraic varieties. This is where Hodge theory began.
It includes the topological properties of individual varieties, including
singular and non-compact ones, and of families of varieties;

e geometric constructions that arise from the Hodge structure or mixed
Hodge structure on the cohomology (a transcendental invariant), or
from the first or higher order variations of the Hodge structure or mixed
Hodge structure (an algebraic invariant).

In the second case, the study has been largely confined to the first variation
of the Hodge structure on the cohomology of a smooth variety.! In this paper,
we will seek to extend this to the situation where the variety may be singular
or where the first variation may vanish and one has to go to higher order to
extract geometric information.

1See [4], [15] and the chapter on IVHS in [2].
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We shall usually restrict to the 1-parameter case of a period mapping
(LA.1) ¢ A" - T\D

where I' = {T* : k € Z} is generated by the monodromy operator. In the
Jordan decomposition 7" = TyT;, the semi-simple factor T; is of finite order
(its characteristic polynomial is a product of cyclotomic polynomials), and
the unipotent factor T, = V.2 This work will separate into two parts:

(b) N #0.

In the first case, ['\D is an analytic variety with quotient singularities
by the action of a finite group and (I.A.1) extends to a mapping of analytic
varieties

d:A—-T\D
where ®(0) € D is a polarized Hodge structure having an action of I".3

In the second case, we shall assume that T, = Id. Then ®(0) € exp(CN)\D
where D is the compact dual of D; it is given by an equivalence class of lim-
iting mixed Hodge structures.

In both cases, we shall define a differential & that is an invariant of the
suitably interpreted first non-zero term in the expansion of ®(t) about ¢ = 0.
Some general properties of 6@ will be given; however, the main part of this
paper is in the examples.

One general guiding geometric question that motivated much of this study
and that in special cases will be illustrated below is the following:

Let M be the canonical completion of the KSBA moduli space M of a class
of varieties of general type (cf. [23]). How much of the stratification of M
by the singularity type of the corresponding varieties or by the presence of
“additional” algebraic subvarieties is reflected in the stratification of the image
of M by a canonically extended period mapping?* How can Hodge theory be
used to help understand the geometry of the stratification of M?

For the case of varieties whose period domain is Hermitian symmetric (alge-
braic curves, abelian varieties, K3’s, hyperKéahler varieties, cubic threefolds
and fourfolds, ... ) this question is classical and is the subject of ongoing work.
We are particularly interested in the non-classical case when D is not Hermi-
tian symmetric. Here there is evidence that at least in particular cases this

2As will be explained below, the case when ® depends on several parameters
may be done by suitably restricting to 1-parameter sub-families.

3Here, with slight abuse of notation ®(0) is the lift to D of its image in T'\ D.

4Informally stated, “how much of the geometry of M can be described Hodge
theoretically?”
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general question may have an interesting and occasionally surprising answer,
e.g. as provided by the example of I-surfaces [10], [21], [20].

Another type of motivating question is to establish Torelli results on
boundary components of a moduli space, and from these deduce Torelli re-
sults in the interior. The point here is that although they are singular the
varieties that correspond to boundary points may be easier to prove Torelli-
type results about, and then these can be used to infer similar results in the
interior. A prototype here is [13] and recent related work is in [28].

We conclude this part of the introduction with some notations and ter-
minology. The geometric case is when we start with a family X* — A™ of
smooth varieties whose associated period mapping A™* — I'\D has mon-
odromy T' = T{T,. By semi-stable reduction, or by some other construc-
tion (see Example I1.B.4 below), we can obtain a family X = A where the
X; = 7w 1(t) are smooth for ¢ # 0, Xy is a reduced normal crossing divisor and
the monodromy is unipotent. We can and will assume that the finite group
{TF : k € Z} acts equivariantly on X — A and that the induced action on A
has the origin as an isolated fixed point.

We set X = X and shall use the standard identification

T Def(X) = Extgy (. Ox).
The local to global spectral sequence of Ext’s gives

(LA.2)
H'(Extl (X, Ox)) —= Exth(, Ox) — HO(Exth (Y, Ox))

T Def®(X) T Def(X)

T Def*™(X)

where the left-hand term is the first order equisingular deformations of X
and where the right-hand term (a quotient space) are the equivalence classes
of partially smoothing deformations. In this paper, we will be interested in
both equisingular families and in families whose tangent in 7 Def*"(X) is
completely smoothing (cf. the Appendix for further explanation).

The analysis of & can roughly be organized into the following cases:

N =0

(i) Xo = X is smooth, ®(0) = H"(X) lies in a Mumford-Tate subdomain
D' C D, and the condition d® # 0 means that ®(X;) leaves D’;

(ii) X is singular and §® measures either the variation of the Hodge struc-
ture in the equisingular directions or the Hodge theoretic properties of
the smoothing of Xj.
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N # 0: Then the family will either be equisingular or smoothing and
the successive terms in the associated graded to the weight filtration of 0®
describe Hodge theoretic properties of either the variation of the mixed Hodge
structure in the ker NV part of the limiting mixed Hodge structure, or of the
smoothing itself.

I.B. Introduction to Section II

In the first part of Section II.A we give the definition of the differential 6@ of
the extension to

®:A—T\D

of a 1-parameter period mapping ® : A* —T'\D where ['={T* : k€Z} is a
finite group. The definition uses a base change t = ™ to have a lifting

A
(LB.1) l l
A—2T\D.

In Section II, we will drop the ~ and simply work with a period mapping

(LB.2) ®:A =D

where ®(0) is the pair consisting of a polarized Hodge structure together with
an equivariant action of I" on (I.B.2) such that the origin is an isolated fixed
point of that action on A. Then I" acts on the polarized Hodge structure ®(0).
The property d® # 0 is independent of the base change. This is important
because in the geometric case the degree of the base change is not well defined;
all one can say is that it is a multiple of the order of T'.

In Section II.A, we give two geometric examples of a family of curves
where the action of I" on ®(0) is trivial. For the first, we compute 0 in the
smoothing direction for a compact stable curve. The point here is to illustrate
in a very simple case one of the basic points that arise in general calculation
of 0®; namely how the BF condition [12] for first order smoothing leads to the
intertwining of components in a semi-stable reduction in the formula for §®.5:6

5Below we shall in this example illustrate a cohomological mechanism to address
the question: Is semi-stable-reduction really necessary, or can one just fill in with a
desingularized central fibre? There are Hodge theoretic obstructions to doing this;
one such is the example of compact singular curves given in Section IL.A.

6We shall not give detailed proofs of this computation or of several others in this
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The second example is when there is a subfamily of a family consisting of vari-
eties having a non-trivial symmetry group whose induced action on the period
domain is trivial. A classical example here, treated algebro-geometrically in
[26] and differential geometrically in [8] and [14], is hyperelliptic curves of
genus g = 3. Here the basic result is that the usual differential vanishes in
the normal directions to the hyperelliptic locus, whereas the second order
behavior in those directions is given by the full system of quadrics through
the canonical curve. After setting a general context we will discuss this topic
from an alternative perspective.

The examples in Section I1.C are normal surfaces X that arise on the
boundary of a KSBA moduli space M ([23] and [24]). The first example,
which is really an illustration, is the standard A; singularity. The differential
0P is computed using semi-stable reduction and, although it is elementary
and confirms the expected result, it illustrates the general method of how one
uses the first order smoothing condition for a normal crossing variety in the
calculation of 6.

The next examples are the Q-Gorenstein smoothable semi-log-canonical
normal singularities whose smoothing has finite monodromy. These singulari-
ties are classified ([24] and [23]): they are rational, and aside from two excep-
tional cases, are either ADE or quotient singularities of the ——(1,dna — 1)
type. They have the following special property that holds for any Q-Goren-
stein smoothable rational singularity: given a local 1-parameter family such
that after a base change the varieties over the punctured disc A* are smooth
and have trivial monodromy, then the period mapping ® : A* — D extends
across the origin to give a polarized Hodge structure ®(0). In general, this
does not imply that we can then fill in the origin with a smooth variety.
However, in the above situation this is possible.

As mentioned an underlying geometric question is whether the subvariety
of M consisting of surfaces (X, p) with a singularity of one of the above types
is defined by Hodge theoretic conditions. Our main result gives in variational
form sufficient conditions for this in terms of the conditions imposed by the
singularity p on the canonical system |Kx|. For the case of canonical singu-
larities, Kx is a line bundle and |Kx(—p)| has the usual meaning. For the
non-Gorenstein quotient singularities the situation is more involved and the
conditions are expressed in terms of |K ¢ (—F£)| where (X,E) — (X,p) is the
resolution of the singularity.

In Section I1.D, we discuss the Wahl singularity i(l, 1) on an [-surface
X (cf. [10], [22]). Such surfaces define a divisor in My, and we verify that

paper. The point is that once one knows the answer the arguments to justify them
are of a standard type.
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this divisor is reduced by showing that at a general point on it & # 0 in
the normal (smoothing) direction. The desingularization X of such surfaces
is an elliptic surface with a bi-section being a —4 curve that contracts to
the singular point of X. It is classical that generic local Torelli holds for X.
Coupled with d® # 0 this implies that generic local Torelli holds for smooth
I-surfaces.”

I1.C. The case of infinite monodromy

When N # 0 the leading term of ®(¢) is a nilpotent orbit exp(CN) - Fiy. By
definition §® is the next order term in the expansion of ®(¢). It is an element
of gc C End(V¢) and measures the deviation of ®(¢) from being a nilpotent
orbit. One objective of Section III.B.1 is to give general structural properties
of 09 arising from the filtration on g¢ induced by the weight filtration W (N)
on V. The weights w of 6P satisfy

—(n+1)Sw=s+(n-1)

where n is the weight of the Hodge structures ®(t) for ¢ # 0; we will be
concerned with the properties of d® on the associated graded to the weight
filtration. In the classical case n = 1 and the associated graded terms d®,,
are in the range —2 < w < 0. One structural result is that in general for any
weight n

00, #0 only for —2<w<n-—1.

This is a Hodge theoretic result that may be expressed informally by saying
that, up to integration constants, the extension data in the limiting mixed
Hodge structure is determined by that data of levels < 2. When n = 2 the
level +1 part of 0 only arises in the non-classical case and measures the

7One may also give an alternative argument for this generic local Torelli result
using singular I-surfaces with a degree 2 elliptic singularity. This argument is based
on the generic global Torelli result (III.A.12) for pairs (X,C) where X is a K3
surface of degree 2 and C' is a smooth section of the polarizing line bundle. If this
argument could be extended to the case where C has a node it would give a proof
of generic global Torelli for I-surfaces. In this regard, see [28].

It is due to Chakiris [7] that global Torelli holds for a class of regular elliptic
surfaces with a section, and if one were able to extend this to elliptic surfaces with
a bi-section such as X , then also generic global Torelli for I-surfaces would be a
consequence.

The recent papers [29], [30] give generic global Torelli for a large class of elliptic
surfaces having a section. The methods use an analogue of a & that is adapted to
the particular geometry of these surfaces.
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failure of the period matrix in a family of surfaces that are smoothings of
surfaces with a double curve to remain in the image of a single Schubert cell.
This seems to be the main new Lie theoretic property of period mappings
that is encountered in the non-classical case (cf. the discussion in [19]).

The term §®y is the differential of the traditional period mapping for
the graded pure Hodge structures associated to a family of limiting mixed
Hodge structures. The next term d®_; measures how the level 1 extension
data varies. It is an Abel-Jacobi type mapping, one part of which has a
classical algebro-geometric construction and one part that does not. Roughly
speaking if we have a family of smoothable normal crossing varieties, then §®
measures the variation of the Hodge structure of the individual pieces and
0P _; measures the variation of how they pairwise fit together. The next term
0P _5 has a discrete part and a variable part that is given by a “secondary”
Abel-Jacobi mapping (like a cross-ratio). Finally, as mentioned above, the
0®d,, vanish for w < —3.

Another objective of Section IT1.B.1 is to illustrate by example how for
a family of generically smooth algebraic varieties Torelli type results on the
boundary may be used to infer Torelli type results in the interior. This re-
quires formulating and establishing local Torelli type results for pairs (Y, Z)
where it is the variation of both the algebraic part of the extension data,
arising when Y is a surface and Z is a curve from the Abel-Jacobi image
of ker{PicY — Pic(Z)}, and from the variation of the transcendental part
(membrane integrals) of the extension data. In the example given there it
is shown how generically (Y, Z) may be constructed from its mixed Hodge
structure together with the algebraic information in §®.

The diagram (II1.B.7) gives a schematic for defining and interpreting the
mappings 0®,,. To compute them cohomologically in the geometric case a
convenient device is to use the schematic B.3 in part B of the Appendix for
the computation of the associated graded to a limiting mixed Hodge structure.

In concluding the introduction, we emphasize that the purposes of this
paper are

e to define the differential & of a period mapping, especially where ®
may have degeneracies or singularities;

e to formulate some general properties of 0P, especially those related to
the weight filtration in singular cases;

e to give techniques for computing 0® cohomologically in the geometric
case,

and perhaps most importantly

e to illustrate in examples how these computations may be carried out
and what their geometric consequences are.
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II. The case of finite monodromy (IN = 0)
II.A. Definition of d® in the N = 0 case

We assume given the data (D, ", ®) where

(i) D = GRr/H is a period domain and I' C Gy is a finite cyclic group that
acts on D and on the unit disc A;

(ii) ® : A — D is a period mapping that is equivariant with respect to the
actions of I'.

We denote by Dr and Ar the fixed point sets of the actions and assume that
(iii) ®(0) € Dr and Ap = {0} is the origin.

Then ®(0) = {V,Q, F;;T'} is a polarized Hodge structure on which the group
I' acts.

Ezample. ®1 : A} — T'\ D arises from a variation of Hodge structure over the
punctured disc A} = {0 < |t;] < 1} and where the monodromy I' = {TF :
k € Z} is finite. Using the base change A — A; given by t; = t% where d is
a multiple of the order of Ty there is a diagram

L

|

A2 T\D,

and ¢ extends across t = 0 to give a period mapping ® : A — D satisfying
the conditions (i), (ii), (iii) above. In particular ®(0) is a polarized Hodge
structure (V, @, F;T).

In the geometric case when one does equivariant semi-stable reduction
choices are made that may affect the degree of the base change.

Given a complex manifold M and a non-constant holomorphic mapping
f:A — M with f(0) = p € T,M, in local coordinates there is a smallest
integer k such that the k' derivative f*)(0) # 0 is non-zero. Then there is
an induced map

fo.C—-1,M

that is homogeneous of degree k.
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Definition 11.A.1. Given the data (D,I'; ®) we denote by
0d : T{O}A — T@(O)D

the map given by first non-zero derivative of ®.
Choosing a coordinate ¢t for A and making the usual identification of T'D
with a sub-bundle of & Hom(F?, V/FP), we have

F-1 End(Vc)
II.A.2 00:C—» ——7——=
( ) FOEnd(Vp)

Even in “standard” geometric situations 0® may not be the usual dif-
ferential of ®. We note that the condition 0® # 0 is invariant under base
change.

Note: In some examples we will discuss situations where we want to define
0P on a vector space W that maps to the tangent space T'B to a parameter
space B for a variation of Hodge structure, and in this case we will define §
on W by taking discs A C W. For example, if in the geometric case we have a
smooth family X = B of projective varieties X = 7~ 1(b) and ® : B — I'\ D is
the corresponding period mapping, then W = H'(Ox,) and W — Tow)(I\D)
is the composition of the Kodaira-Spencer map and the usual differential of
a locally liftable map to I'\ D.

A second example is one where we have a sub-manifold A C B such that
for b € A there is a natural splitting of the normal sequence

z - —

0 T, A T,B Na/pyp—=0

giving Ny gy C TpB. In this case for W = Ny, p;, we will take a disc A C B
with T{O}A C NA/B,lr

Remark. For a holomorphic mapping f : B — P™ of a complex manifold B
to a projective space, there are associated fundamental forms I, IT, II1, . .. (cf.
[25]). For a period mapping ® : B — D we may use a Plicker embedding to
define the fundamental forms associated to ®. These reflect the higher order
behavior of ®. A sample of literature on this is in [8], [11] and [14].

Ezample. Suppose that X 5 A is a smooth family of smooth curves X, =
771(t) where Xy is hyperelliptic but X; is non-hyperelliptic for ¢ # 0. More
precisely, we assume that A is a disc in the Kuranishi space Def(Xy) C C3973
that meets the hyperelliptic locus transversely at the origin and is invariant
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under the involution acting on Def(Xj). Then it is due to Oort-Steenbrink
[26], and will be discussed below, that

O'(0) = 0, but &"(0) £ 0.

This phenomenon is general: If v € T acts trivially on the period do-
main D, then differentiating

10(t) = (v1)
at t =0 gives
/V(I)/(O) - CI)/(O)?
and this may force ®'(0) = 0, as in this example. If ® is non-constant, then
some ®*)(0) # 0. More generally we have the
11.B. Examples when N = 0 and the action of I" on D is trivial

Suppose that we have

e a period mapping ¢ : B — I'\ D;
e a finite group A acting on B with fixed point set a submanifold A C B;
e a representation p: A — I' such that for A € A and b€ B

D(AD) = p(A\)D(b).
Then we have
(IL.B.1) DN\ = p(N\)D..

This general relation imposes constraints on ®,. For example, suppose that
we assume

e p(A) acts trivially on D.

Then there is an induced holomorphic mapping
(I1.B.2) ®:B/AN— D.

Along A the relation (I1.B.1) is trivial on TA C T'B but may be non-trivial in
the normal space N4,p), which we assume to be a direct summand of TB] a4
Then (I1.B.1) gives

o p(N)®, =D, in Nyyp.
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If, for example, p(A) has no fixed vectors in Ny,p,

(I)*’NA/B

and we have to go to higher order to define d® in the normal directions.
How high an order do we expect to have (d*®/dt*)(0) # 0? The analytic
variety B/A has quotient singularities along A. These will have a multiplicity
1 and a reasonable expectation is that p is related to the k above. With

the precise formulation and details to be given elsewhere it may be shown
that

11.B.3. Suppose that
(i) @ in (IL.B.2) is 1-1;
(ii) @, is 1-1 on B\ A, and
(iit) (®],) s 1-1.
Then on any normal disc A to A in B, 6® # 0 and the order of vanishing of
D, is equal to the multiplicity of ®(A) at AN A.

Example 11.B.4. Continuing an example mentioned above, let C' be a hyper-
elliptic curve of genus g = 3 with hyperelliptic involution j. Denote by

BcC H (©¢)=C%3

the Kuranishi space. There is a smooth family of genus ¢ curves parametrized
by B. The involution j acting on H'(O¢) may be assumed to preserve B and
the parameter space A for the hyperelliptic curves is given by the fixed point
set of j. Writing

Hl(@c) = Hl(@c)_ D H1(90)+
2l 2l
(H°(2Ke)™)" (H°(2Kc)*)*
2l 2l
(Cg—Q (CQg—l

we have
A=BnHY (6c)".

The tangent space to B at the origin is the direct sum of the +1 eigenspaces
of the induced action of j. At the point in question the +1 eigenspace cor-
responds to TA C T'B and the —1 eigenspace may be identified with the
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normal space N4/p to A or B, which is then a direct summand of T'B. In
particular

(ILB.5) H°(2K¢)~ may be identified with the co-normal space Nip

at the origin.®

Identifying H'(C,C) & C%» with the standard alternating form @, the
period domain D is an open domain in the homogeneous algebraic variety D
of Q-isotropic g-planes in C?9. At a point F € D,

TrD = Hom*(F,C%/F) = Sym? F*

where we have used Q to identify C*/F with F* and Hom® are the symmetric
maps. If

®:B—D
is the period mapping with

®(0) = F = H(K¢),
then
(IL.B.6)  &*:Sym? HY(K¢) — HY(2K¢) = H'(2Ko)" @ HY(2K¢) ™.
It is well known that this mapping surjects onto H°(2K¢)*; thus

the differential of the period mapping is 1-1 on the subspace

(ILB.7) TA CTB and vanishes on the normal space Ny/p C TB.

The period mapping factors

7
v
| .
v

B/j

where the quotient B/j looks like C3973 = C9~2@ C?9~! factored by (u,v) —
(—u,v). Thisis a (2¢g—1)-parameter family of quotient singularities of quadratic
type, i.e., the invariants are generated by degree 2 polynomials in the coor-
dinates w; of u. Taking (I1.B.3) into account this suggests that quadrics in

8Cf. [14] and the references cited there.
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Sym? H°(2K¢)~ may be related to d® in the normal directions to A in B.
Where might such quadrics come from?

For any smooth curve C' the cotangent space to D at ®(0) is naturally
identified with Sym? H°(K¢). For the canonical mapping

ke C — Pt =PHY(K¢o)*

Sym? H(K() are the quadrics in the space of the canonical curve. The co-
differential of ® is the map

(IL.B.8) 0 = I(¢k, (C)) = Sym? HY(K¢) 25 HO (2K ()

where the kernel are the quadrics containing the canonical curve. For C' non-
hyperelliptic the map ®* is surjective and

Iy (pk,(C)) is the co-normal space to the image of the period
mapping.

For C hyperelliptic the image of ®* in (IL.B.8) is HY(2K¢)™; thus
the cokernel of ®* in (I1.B.8) is H°(2K¢) ™.
Proposition I1.B.9. There is an isomorphism, natural up to scaling,’

6% : Sym*(H°(2Kc)™) = L(vx.(C))
I

Nap
Explanation: Using the above identifications
6@ : Ny — TD = Sym® H°(K¢)*
is a quadratic map. The dual is a map
6®* : Sym? H(K¢) — Sym?(H°(2Kc) ™).

Using the eigenspace decomposition of the action of j the sequence (I1.B.8)
splits; thus there is a natural direct sum decomposition

Sym? HY(K¢) = I (pk.(C)) ® H°(2K¢) ™.

9In a different but equivalent form this result is in [26]. This says that the period
mapping in the normal directions to the hyperelliptic locus is analytically equivalent
to the mapping (..., u;,...) = (..., uuy,...), 1 < j.
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Then 6®* is zero on the second summand on the right and is an isomorphism
on the first.!?

The scaling factor referred to in the statement of the theorem will be
given by a choice of isomorphisms

N2H(0c(1)) 2 C

where O¢(1) is a line bundle giving the 2:1 map C — P!,

Remark. Geometrically the picture is this: If C’ is a non-hyperelliptic curve
with a specialization C' — C' to a hyperelliptic curve, then the canonical
curve @i, (C') is a curve of degree 2g —2 in a P9~1. As C" — C it specializes
to 2 x (rational normal curve in P971).

For the period mapping on B, the kernel of the co-differential at C” is
I(pk,,(C")), and as " — C this jumps up to la(px.(C)), which is an addi-
tional Sym?(H°(2K¢)™)’s worth of quadrics. This space is naturally identified
with the co-normal space of A in B. The picture of the image ®(B) is some-

thing like
@

where the double lines are quotient singularities C9~2/(£1d).

Proof of Proposition II.B.9: The argument will use standard represen-
tation theory. For the two-sheeted cyclic covering C' = P? with O¢(1) =
7 Op1 (1) we set

U= H0c(1)).

There is a Zg-action on U and hence on any direct summand R(U) in the
tensor algebra of U and its dual. We will identify the vector spaces H*(kK¢),

10We note that

. +1 2 — 3942
aim I (pree (€)= W FY (99 -1y = =202
_ 2 _
dimSyrn2(H0(2Kc)_) = (g 9 2) A §g+2.

It follows that along the hyperelliptic locus the embedding dimension of the image
of the period map is g(g+1)/2 = dim D. It also follows that along the hyperelliptic
locus the second fundamental form of the period map is given by the quadrics
containing the canonical curve, and the higher fundamental forms are all equal to
Z€ro.
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H°({K¢)* and their symmetric products in terms of the + eigenspaces R(U)*
of the Zs-action on the GL(U)-module R(U).'! When this is done there will
be a GL(U) map, equivariant up to scaling,

Sym*(H°(2K¢)™) = L(pk.(C))

which will be the map in the statement of the theorem.

In coordinates if we realize C' C P(1,1,¢9 — 1) as a non-singular curve
y* = fagt2(wo, x1) where (29, 21;y) are homogeneous coordinates with weights
1,1, 9 — 1 and where the involution acts by zg — xg,r1 — 21,y — —y, then

HO(Ke) = {7%—1(5007”31)} = H(Ke),

Y
HO2K o) {bg—s(:zg,x1)y} o {029—2;95075101) } .

The canonical curve is given by {ag—1(zo,21)}, i.e., by S971U. Thus
I(pre (C) = ker {S2($9710) — $72U}.

For any d we define

(I1.B.10) S2U2 = ker{S?U? — U}
by
(ILB.11) PoQ — 22P o y?Q — 2zyP o zyQ + > P o 2%Q.

The right-hand side is clearly in ker{S?U? — U??}, and we will prove the
Lemma I1.B.12. Any element in ker{S2U? — U??} is of this form.

This will show that (II.B.10) is surjective and then by a dimension count
it will be the isomorphism in Proposition I1.B.9.

1For instance, using the notation S™ = Sym™

HY(Kg)=  S97'U
H°(2K¢) SQ—IT’U @ 529”—2U

H°(2Kc)~ HY(2Keo)™
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Proof of Lemma I1.B.12: If we have

i g
M;; =o'y oty

1\

27

then if 2 2 and j < d — 2,
Mj; = 207 Lyd=i+l o gi—lyd=i=1 _ gi=2d=id? o 42, d=j=2
where the congruence is modulo terms on the right-hand side of (II.B.11). If
iZj+3,
M = 2M; 1 j11 — Mi_2 jyo.
Ifi=j+2,
M;io=2M;_1;1— M;;—o=M;_1;1
where the second step uses
d—j—1 _ -2 d—i-2

T y o xiydfz

_i—2 d—i 02 d—it2 _
=z Y oy = M; ;.

=2 o d=it2 o 2

T oy Y

Thus we can use the right-hand side of (I1.B.11) to have only terms
M;; where 1 < 1,j2d—1or i <j+1.
This is because (7,7) = (1,1),(1,0),(0,0) so j =1 or j =i — 1, and likewise

0)
i2j=2d—1gives (i,5) = (d,d),(d,d—1),(d—1,d—1)soj=iorj=i—1.
In all cases, either j =i or j =17 — 1.

If
Z aiMm‘ -+ Z biMi,ifl € ker{SQUd — U2d},
i i
then
d _ _ d _ ‘

Z ailedefh + Z bix2171y2d722:1 =0.

i=0 i=1
But the terms are all distinct, hence all a;, b; are zero. O

This completes the construction of the map in Proposition I1.B.9. The
equivalence up to scaling using the standard notation in representation ap-
pears already when d = 2. Then

SQUQ — U4 D U2,2
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where U*? = (A2U)®? and the scaling factor arises from the choice of an
isomorphism A2U = C.

It remains to prove that 0® # 0 in the normal directions to A in B. In
period matrix terms, for a normal disc A C B with AN A = {0}

d*®(t) ‘
de? g

(I1.B.13) _FO

This is true and is proved by an explicit coordinate calculation in [26].
Assuming the global Torelli theorem that the mapping

M, A,
] W
C—— J(C)

is 1-1, another argument for (II.B.13) runs as follows: We may assume that
A C B is invariant under the involution j; in fact we may take j(t) = —t.
Referring to (II.B.1) we have a holomorphic mapping

f:A=C

such that

o f(—t)= f(t) (this implies f'(0) = 0);
e fis1-1on A/Zs.

Then it is an elementary complex variable fact that
F7(0) # 0.

Remark. In [26] the moduli spaces M, and A, = Sp(2g, Z)\H, are rigidified

to Mg”) and Aﬁ,”) by adding level n structures given by the n-division points
in J(C) where C' € M, and in J(C) € Ay. The Abel-Jacobi map

AJ : C — Picl(C)
induces a morphism of complex analytic varieties
M — Al

This provides additional geometric information beyond the usual Torelli pe-
riod matrix mapping, information that is an integral part of the arguments
in [26].
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Example 11.B.14. This is an example of family of curves X — A when N =0
and T' = Id. The picture is

Co Ct
—_— —
e @ smoothing to — N e e
p
4 Cy

where g(Cy) = g1, g(C2) = g2 and g1 + g2 = g(C}). For the period mapping
we have

e D D Dy x Dy which are the principal polarized Hodge structures that
are direct sums of principally polarized sub-Hodge structures;

e & : A — D where ®(0) corresponds to H'(Cp) and ®(t) for t # 0
corresponds to H(Cy).

Proposition I1.B.15.'2 For C;, Cy non-hyperelliptic, §® is the usual differ-
ential ®, and

(IL.B.16) ®.(d/dt) #0 in Np,xp,/p

Proof. We let 60 = (1 I C5 be the normalization of Cy and p; € C; with Cy
defined by the identification p; = py. The infinitesimal deformation sequence
(ILA.2) is
(ILB.17)
0—= H' <Ext%co (9L, oco)) —~ TDef(Co) —= H° (gxtgco (9, oco)) 0
Il I
T Defe* (Co) T Def*™ (Co)

At the point in question and with the notations V =V, ® V5, Q = Q1 ® Q2
and F' = F> ® F, we have from Ty D = Hom*(F, V/F) that at F' the normal
space

(IL.B.18) Np,xps/p = Hom(Fy, Va/ Fy) @ Hom(Fy, Vi /Fy).

12This is the well-known local Torelli theorem for stable compact curves. The
point here is to illustrate a computation of §® in a simple situation as a prelude to
similar but more involved examples discussed below.
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We note that ®,(0) induces a map
(IIB19) TDef(Co)/T Defes(Cg) — ND1><D2/D'13

Using the local Torelli theorem for the non-hyperelliptic curves C; and Cs,
we want to show that this map is non-zero.

For varying points p; € C and py € Cs on fixed curves C and Cs, we join
(4 and (s at these points to obtain Cy U, C5. Since the identified points p1, p2
move at the same speed the left-hand side of (II1.B.19) is naturally isomorphic
to 66’1,]31 () 602,;02.

For the right-hand side of (I1.B.19) using @1 and ()2 we obtain

(HO(Ke,)™ ® HY(Ko,)") @ (H(Ke,) @ HY(Ke,)") -
Using the evident symmetry the dual of (I1.B.19) is a map
HY(Ke,) ® HY(Ke,) = Koy pr @ Kcypo
which is the evaluation mapping
w1 @ wy — wi(p1) @ wa(p2).

This may be verified by writing out the maps

6017131 ® @Cz,pz — ' (SXt%CO (Qéo, OCO)) - EXt%‘)CO (Qé‘m OCO)
I I
TDefeS(Oo) TDef(Co)
T Def(Co) ——= HO(Exth,, (24, 0c,))
I
Tsm(co)
T Def(Cy) — Tpo)D = Hom®*(F, V/F)

and tracing through their dualizations. For this it is convenient to use a
covering by two open sets, one of which is a neighborhood of p and the other
being the complement of a smaller closed neighborhood of p. O

13Note that using the direct sum decompositions, Np, « p, /p is actually a sub-
space of Tr D and T Def®®(Cy) maps via ®1 X @5 into the complementary subspace.
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I1.C. Examples when N = 0 and I’ is non-trivial

These will be examples arising from smoothing a normal surface singularity
(X, p). There are two methods that we shall use.

(i) This one works in general. Given a 1-parameter smoothing deformation
of a variety X one may use semi-stable reduction to have a family

X5 A

of varieties X; = 771(¢) where X is smooth, X* — A* is a smooth fibration,
Xop = UX; is a reduced normal crossing divisor and, when X is irreducible,
one component of Xy is a desingularization X of X. This process requires a
base change after which the semi-simple part of the monodromy of the family
X* — A* becomes trivial.

The notations, basic definitions and results concerning deformations and
smoothing of normal crossing varieties and a schematic for calculating the
associated graded to the corresponding limiting mixed Hodge structure are
collected in the Appendix.

(ii) For the special case of a KSBA smoothing (defined below) of a normal
surface singularity when N = 0 there is an alternate perhaps better method.
It is based on the result that semi-log-canonical Q-Gorenstein smoothable
normal surface singularities are rational and for such singularities there is the
Artin component in the versal deformation space (cf. [32]). For this compo-
nent, after base change the family over A* may be filled in over the origin by
simply inserting X. Thus, after we eliminate monodromy by a base change
not only does the Hodge structure fill in over ¢ = 0 but the family of smooth
surfaces does also. Within this component, but in general not equal to it,
there is the subvariety of Q-Gorenstein smoothings. It is this space that we
shall be concerned with here.

Before turning to this we will first use semi-stable reduction to show how
to compute 6P for the smoothing of a node (A; singularity) on a surface. The
results are well known; the interest is in illustrating some of the computational
techniques in a simple but non-trivial case. These techniques will extend to
the general case

We first give a general result and then apply it to the Aj-singularity
case. Let X1, Xy be smooth surfaces and C' an irreducible smooth curve with
embeddings C' — C; C X; for i = 1, 2. Denote by

X =X Ug Xo

the normal crossing surface obtained by joining X; and X5 along C and Cs.
The BF condition [12] that X have a first order smoothing is

(IICl) NCl/Xl X NC2/X2 = Oc.
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Assuming this the choice of a parameter € for the first order smoothing X, —
A(e) of X is given by choosing an identification H°(O¢) = C.

Associated to X — A(e) there is a limiting mixed Hodge structure with
unipotent monodromy. Assuming N = 0 we obtain an ordinary weight 2
Hodge structure H?> = @®HP? together with a first order variation of that
Hodge structure. This is given by

(I1.C.2) 6®(d/dt) € Hom(H*°, H!)

and we will give a recipe for computing the interesting part of this.'* Here we
will do this under the additional assumption that the genus g(C) = 0, as this
will be satisfied in the application we shall give. Later on this method will be
extended to the case when ¢g(C) # 0.

Proposition I1.C.3. There are natural isomorphisms

{HZO ~ HO(Q%,) @ H(9%,),
Y= ([Ch] + [Co])H/([Ch] — [Ca)),

and maps (here i € {1,2} and 1 = {1,2}\{i})
(IL.C.4) HO(Q%,) — H'(Qk)

that give §®(d/dt).

In (I1.C.4) the intertwining of X and X will be a consequence of (II.C.1).
For the formula for ®(0), since N = 0 the limiting mixed Hodge structure
associated to the first order family X — A(e) is a pure weight 2 Hodge
structure; it is given by the cohomology of the complex

(X1)
G

H2
H(C)(-1)
X

H2
4By interesting part we mean that summand of Hom(H?°, H11) that involves

the intertwining of X; and X5. There are other parts that involve either X; or X5
alone. These are of standard IVHS maps and we will not discuss them.

N
& H?(0)
e

(X2)
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where the first arrows represent the Gysin map
(IL.C.5) lo = [C] @ [Cy],

the second arrows are signed restriction maps, and H°(C')(—1) is the Hodge-
Tate twist of H°(C'). The composition is

1o — (CF + C)[C]

which is zero as a consequence of the BF condition. The first part of the
proposition follows from (II.C.5).

For the second part, we shall use the cohomology sequences associated to
two exact sheaf diagrams, the first of which is

0—= 0%, (—C1) 0%, Qp, ® Ng, x, —0
2l

QIC’Q ® NCQ/XZ

where the last term in the top sequence is adjunction and the vertical iso-
morphism, which is the key step, uses the BF condition. The second is the
diagram

0
0 Q%Q ka (log Cy) —— ka (log Cs) ‘Cz ——0
00, - O () (O], O
Q¢, ([Ca])
0

Using the cohomology sequence of

0— Qk, = Qk,(log C2)|,,. = Oc,(—1) — 0,

Co
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and using H'(O¢,)(—1) = 0, combining the cohomology diagrams we have
induced maps

H°Kyx,) = H°(K¢, ® Ngl/Xl)
HO(Kcl ® Né'l/Xl) — HO(KCQ ® NCz/Xz)v
H (Ko, @ Noyyx, ) = H'(Q,)/H(0c,)(—1)

where we have used that the map
H%(0c,)(=1) = H'(Q,)
gives the fundamental class of C5. The issue is now to show that the map
H(Kx,) = H'(Qx,)/H" (0c,)(~1)

actually computes d®(d/dt). The idea is

e to take the argument where you have a smooth family X = A of smooth
varieties and where 0®(d/dt) is the connecting map in the long exact
hypercohomology sequence of

0= T Qx @ Q) = Q5 = QF )0 =0
and modify it using
OHW*QlA(log{O})@JQ&/A(Iog Xo) — Q% (log Xo) — Q%C/A(log Xop) — 0;

e next trace through the same calculation in the case when X, is smooth
for t # 0 and where Xg = X1 Ug X5 with the local smoothing x120 =t
in (x1, 2, x3,t) space;

e in carrying this out one may use a covering by open sets like the one that
one used in the previous example but supplemented with the additional
parameter za;

e in the resulting computation the interesting step is in the passage from
X; to X, using BF conditions to have the replacement

O, @ N, x, = Qb, ® Noy)x,-
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s

Ezample 11.C.6. Let X' — A’ be a family of surfaces X/ acquiring a node
p € X|. Away from the node we have a smooth fibration, and in a neighbor-
hood U C X, of p we have

U={z,y,x;8}: 2> +9y*> + 22 = 5}
m(x,y,z;8) = s.

There is one vanishing cycle § € Hy(X!), and local monodromy around s = 0
is a Zg acting by § — —4. After semi-stable reduction, retaining the notations
in Proposition I1.C.3 we obtain a new family X — A where A has coordinate
t with s = #? and X}, is replaced by

Xy =X1Ug Xo
where
X1 — Xé
U w
Cl — D,

with C; = P!, C? = —2 being the desingularization of X}, and Xy = P! x P!
with Oy = P! is the diagonal and C% = +2. Denoting by L, Ly the classes in
H?(X5) generated by the two factors in the product,

[Co] = L1 + Lo
Ly -1y € ([Cﬂ + [02])L'15

From the proposition, we have that for w € H°(Kx,)
(IL.C.7) 0®(d/dt)(w) = w(p)(Ly — Lo).

More precisely, we identify H%(O¢) = C. Then from
Kxi|o, = Ney/x, ® Koy = 0,

we have

w(p) == w|C1 e C.

15Using the notation from Proposition I1.C.3, (L1 —La) — ((L1—La)-C2)[C] = 0.
Thus L, — Ly € H? and monodromy acts by Ly — Ly — Ly — L.
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Remark. The main purpose of this paper is to define and illustrate the use of
the differential of the period mapping at the locus of singular varieties in a
family { X} }pep of generically smooth algebraic varieties. Assume B is smooth
and that the singular X;, are nodal surfaces that occur along a subvariety
A C B. We will say that the family satisfies local Torelli if for any disc
A C B we have §® # 0 at the origin. If A meets A only at the origin, then
0P is defined above. If A C A, then 6® # 0 means that the differential of
the period mapping for the desingularized surfaces X7 is non-zero. In various
forms the following is well known.

Proposition 11.C.8. If each X, has one node and if the canonical series
|Kx,| is base point free and local Torelli is satisfied, then A is a smooth,
reduced divisor in B. Moreover, A may be defined Hodge theoretically.

Proof. What the above computation shows is that the locus where a given
cohomology class is a Hodge class is a smooth reduced divisor A C B. What
we have to show is that if we have a family {X;}:ca of smooth surfaces and
a Hodge class v, € Hg! (X}) such that ~y is the class of a —2 curve Cy C X,
then Cy deforms to —2 curves Cy C X;. This is also well known and we shall
only indicate why it is true.

If Ly — X; are line bundles with ¢ (L;) = & and Ly = [Cp], then it will
suffice to show the vanishing of the obstruction space to first order deforming
&o along with Ly; this is

HY(Ly) = 0.

For simplicity we assume that X is regular; in general an additional argument
is needed.'® By duality h'(Lg) = h'(Kx, — Lo) = h' (K x,(—Cp)). Since Cy is
a —2 curve, Kx, |, = Oc, and we have
0— Kx,(—Cp) = Kx, = O¢, — 0.
Using h!(Ky,) = 0 this gives
0# W' (Ko(—Cp)) <= H°(Kx,(—Co)) = H(Kx,).

If the linear system |Kx,| is base point free, then it follows that h'(Lg)
=0. O

16The additional argument entails modifying the L, by elements in PicO(Xt) to
kill the obstruction to deforming the section of Ly whose divisor is Cy. A standard
cohomological argument shows that to first order this is possible, from which we
may conclude the desired result.
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Our next example will be the computation for a KSBA family X — A
of surfaces where X has a Q-Gorenstein smoothable normal singular point
p and the X; are smooth for ¢ # 0. Here we will consider the case where the
monodromy of X* — A* is finite. The period mapping then extends to A and
we will give a method for computing d®. Among the underlying geometric
questions are

What is the expected number of Hodge theoretic conditions imposed on moduli
by having a singularity of the type of Xo? In examples, such as the case of
I-surfaces, are these conditions independent?

Before turning to this we will give a quick

(I1.C.9) Review of Q-Gorenstein smoothable isolated surface singu-
larities.'*

The theory is local and we shall discuss the deformation theory of a germ
(Y, p) of an isolated surface singularity.

e Ky denotes the Weil divisorial canonical sheaf; it is represented on
Y* :=Y\{p} by the linear equivalence class of the divisor of a differen-
tial ¢ € HO(Ky-);

e there is a unique minimal (no (—1) curves) resolution (Y, F) ERN (Y,p) of
the singularity; here E = )", E; is a normal crossing divisor (the E; are
irreducible, smooth curves meeting transversely) and the intersection
matrix ||E; - E;|| is negative definite; we set E? = —d; where d; > 1;

e the singularity is rational if all the E;’s are P!’s and the graph of E
contains no cycles; rational is equivalent to R}Oy = 0 and this implies
the other two conditions but is not equivalent to them:;

e we shall assume that (Y, p) is a semi-log-canonical singularity (not de-
fined here; cf. [23], [22] and [24]), then there is a unique index 1 cover
(Z,q) — (Y, p) such that

— (Z,q) is Gorenstein, thus K is a line bundle;

— for m = index (Y, p) and j,, = m'® roots of unity, there is a g,

action on (Z,q) with ¢ an isolated fixed point and (Y,p) is the
quotient of (Z, q);

e by a Q-Gorenstein smoothing of (W, p) we mean a smoothing Z; of the
index 1 cover Z = Zy of Y such that u,, acts on the total space of the

14Cf. [22] and [32]. In Section I1.D these definitions and facts will be illustrated
in an example.
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family {Z;} fixing the fibre Z; and where the quotient of {Z;}icna is
{Wi}ien; this may be formalized by a diagram

i

on which pu,, acts with ¢ € Zy as the unique fixed point (cf. [22]); an
important point is that wy,A is Q-Gorenstein with Z — Y being the
relative index 1 cover;

e The Q-Gorenstein smoothings of (Y, p) are, after base change, the quo-
tients of the ordinary deformations of the index 1 cover in which the
lm action is preserved.

-

D <—2

[

The semi-log-canonical Q-Gorenstein smoothable normal surface singu-
larities have been classified (cf. [24]). Those that are open sets in complete
general type surfaces for which the monodromy of the smoothing has N = 0
satisfy

(a) they are rational;
(b) there are two types

(i) ADE or Du Val singularities,

(ii) some quotient singularities.

The ADE singularities are hypersurface singularities. Hence they are
Gorenstein and their versal deformation may be described explicitly by vary-
ing their defining equation (cf. [1]). The exceptional divisor of a minimal
resolution is a tree of —2 curves given by a Dynkin diagram.

For the second type of singularities, for a, d coprime integers with a < d,
the singularity é(l, a) is the quotient of C? by the action

(u,v) = (Cu,("v)
where ( is a primitive d*" root of unity.

e The [24] quotient singularities we shall consider are of type (1, dna
—1) where d, n, a are relatively prime. They are Z/dZ quotients of their
index 1 cover which is an Ag,_1 singularity

zy + 29" =0



Differential of a period mapping at a singularity 1449

and the action of ¢ = >™/4 ig

z— Cr,y — (I ly 2 —
the Q-Gorenstein smoothings are quotients of
(ILC.10)  ay+ 2% 4+ agtd29m=Y 4 gpp2ddn= ooy g md = 0
under the action
z— Cxy — (7 ly 2 — 2t = t;
we note that implicit in (I1.C.10) is a base change s = t"? from the

standard smoothing zy + 2% + s = 0 of the Ag,_; singularity.

Remark. For some circumstances it is preferable to write a general smoothing
of an A4_; singularity Y given by zy + 2¢ = 0 as

(II.C.11) Y, = {xy—i—ﬁ(z—tai) :0}

i=1

where the a; are the ordered roots of the degree d homogeneous polynomial
in z,t that gives the smoothing after base change. As explained in [1] the a;
correspond to the vanishing cycles by

Al<—>a2—a1,A2<—>a3—a2,...,Ad_1<—>ad—ad_1.

Replacing Y = Y by Y gives a smoothing family Y — A where A maps as a
d-sheeted branched covering over a general disc in Def(Yp).!> The vanishing
cycles are now invariant under monodromy and the corresponding homology

A~

classes are the [E;| € Ha(Y).

Although not needed here, there are similar descriptions for all of the
ADE singularities.

Deformation theory Let (Y, E) — (Y, p) denote the resolution of a germ of
normal surface singularity. We are interested in

(i) TDef(Y; Ey, ..., Ey) := tangent space to the deformations of ¥ along
which all of the E; deform;!®

N

5Here general means meeting the discriminant locus transversely at the origin.
16These correspond to the equisingular deformations of (Y, p).
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(ii) T Def(Y, E) := tangent space to the deformations of ¥ along which the
curve I deforms, and

N
(iii) T Def(Y) := tangent space to the deformations of Y.
The normal sheaf to E in Y is defined by

NE/Y/ = HomoE(JE/J%,OE).

The following are cohomological expressions for each of the above.

Proposition 11.C.12. There are natural identifications

T Def(Y) = HY(Oy),
TDef(Y,E) = ker {Hl(@y) — Hl(NE/y/)} ;

~ k
TDef(Y,Ey, ..., Ey) = ker {Hl((a?) - & Hl(NEi/f/)} :

Proof. The first of these is standard (cf. [32]). Because dim Y = 2 and we are
working with the germ of singularity, H?(60y) = 0 and consequently the first
order deformations of ¥ are unobstructed.

The second identification is also standard using 7 Def (Y, E) = H'(Oy —
Ngy) (ct. the remark below).

For the third, from the exact cohomology sequence of

k
0= Oyp(—loghk) = 0y = @ Ng.y =0
=1 g

and

T Def(Y,E) = H (O (—log E))
we obtain the result. O
Remark. The way in which these identifications will be used is the following,

here illustrated for the A;-singularity discussed above (keeping the notations
used there).

The tangent space to the deformation space of a pair C' C X is given by
H'(©¢ — Ng,x)- Then to first order

o ker{H'(04) — Hl(NC/X)} = tangent space to deformations where C'
deforms with X; and
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e the image of {H'(04) — HI(NC/X)} may be identified with deforma-

tions of X where C' disappears (fails to deform to first order).

For the Aj-singularity where Xg = X7 Ug Xo with X; = X and X9 =
P! x P!, as usual T Def(X,) = ]Ext%)XO(Q}(O,OXO) maps to T Def(Xy) =
HO(SX‘L}DXO (Q%,.0x,)). A computation using h'(Ox,) = 0 and h'(O¢) = 0
shows that the smoothing deformations of (X, p) are obtained by deforming
the desingularization X in the directions where C disappears. In other words,
in this example using semi-stable-reduction is not necessary; we may simply
deform the desingularization of X. This extends to the Ag,_1 singularities.

Remark. Keeping these notations, suppose we have just one £ = P'. Then Y
is a cone over a rational normal curve in P4 where d = —E?, and a 1-parameter
deformation of Y given by a diagram

E c Y c Y
l |
{0} e A.
The exact sequence of normal bundles
l
N, .
/9],

has extension class e € H'(N,, /?). We also have the Kodaira-Spencer class
d/dt € H*(Oy ). We will omit the straightforward proof of the following.

Proposition II1.C.13. (i) e is the image of d/dt in the map H'(Oy) —

Hl (NE/?)f

(ii) e is non-zero if, and only if, to first order E disappears in the deforma-
tion Y; of Y =Yy,

(iii) in this case

Nprg = 0p(—a) ® O0p(-p)

where o, 5 > 0, and when o = [ = 1 the curve E contracts to a Q-
Gorenstein terminal singularity in the deformation space Y of Y.

Proposition I1.C.14. There are maps of Og-modules

2 * *
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that upon dualizing lead to the exact sheaf sequence of Og-modules

— 0.
7+1

(IL.C.15) 0—>i@ Ny = Nejy = & @ Npyy © Np,

Proof. The issue is local around a point of E; N E; 1 locally given by xzy = 0.
Then

Ip/I% = o). has a C-basis 1- (zy), 2" (zy), v’ (zy) for i > 0,5 > 0,

(22%2) 2y2)
By = () has a C-basis 1 - :c:r, -x for 7 >0,
N* Q has a C-basis 1 - J .y for >0
B )V — (y)? Y,y -y J )
NE v (2y) and xNE e (:L‘yz)
The map

jE/JE — Ng /Y D N*7+1/Y
given by

(zy) _, (wy) o (29)

(@2y?)  («%y) — (2y?)
is well defined, and because (z2y) N (zy?) = (2%,y?) it is injective. Since
1—=1-(xy)®1-(zy), the maps

(zy) (zy) (zy) (zy)
(%) @y,2?) (w2 (%9, 29?)

are individually surjective. By taking the difference locally around zy = 0
where E; = (x = 0) and E;11 = (y = 0) we obtain the exact sequence

(II.C.16)
0 —>JE/32E — Ng P &b Ngm/? —— 0gnEy, —=0
U
(zy) (zy) ® (zy) (zy) ~ (1)
(z2y?) (z2y) ~ (zy?) (z2y,2y?) — (zy)

which globalizes to

— 0.
i+1

k—1
0—>3E/JE—>®NE/Y @NEi/f/(g)N
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Dualizing gives the exact sequence (I1.C.15). O
Proposition I1.C.17. HO(NE/Y/) =0, so that we have

k
— .@IHI(NEM?) — Hl(NE/Y) — 0.

1=

k—1
0
0= @& BNy )y © Ny, p

E;,NE;+1 )

Proof. Using adjunction and Ny = Og,(—d;), in the exact cohomology
sequence of (II.C.15) the map

k=1
Z.Gjl H (NEi/Y’ ® NEi+1/Y/

k
1
EzﬂEiH) - iEElH (NEi/Y/)

is dual to

I1.C.18 5 HO (0p,(d; —2) — @ H° (N N

(ILC.18) & H(0p,(di—2) = & H' (Nj v &N}, plpon )
Since d; = 2, this mapping is surjective and this implies the result. O

Note I1.C.19. Below we will interpret (I1.C.18) as giving a map

&

1=

k—1
i=1 (HO(KY’EI) — ®HO(K?|E¢I’1E¢'+1))

whose kernel is equal to H°(Ky|,).

The following summarizes the above:

quotient is @ Hl(NEi/f,)

/\

TDef(Y; Ey,...,Ex) CTDef(Y,E)CTDef(Y)

(I1.C.20) \7&/, \7&/,
quotient is  quotient is
k—1 Hl(N .
iejl @? EiNE;t1 E/Y)

The canonical bundle Setting Y* = Y\{p} with j : Y* — Y the inclusion,
the canonical Weil divisorial sheaf

Ky = j. Ky
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is the linear equivalence class of the divisor of any differential v € H° (Q%.).
Since Ky is only Q-Cartier we cannot evaluate ¢ € H(Ky) at the singular
point p. Rather, we shall use the identification

H(Ky) = H°(K)

to define evaluation of ¢ at p by considering ¢ € H°(Ky|,). The basic
observation is that by adjunction

(I1.C.21) Kylp, = N}y @ Kg, = 0p,(d; = 2),

We are now ready to put things together. The usual form of the differential
of a period mapping for weight 2 is

T — Hom(H>°, H"),

or equivalently

(I1.C.22) T®H*® — HY.
In the geometric case
T =H'(®),
H2 0 _ HO(QQ)
HY = HY(QY).

In the local version, we use the cohomology of Y, and the commutative dia-
gram

' (ey) ® H)(Ky) —— H'(Q})

(I1.C.23) l l
SH'(Np, y) ® H(Ky) — ©H' (Q,)

z

From Propositions 11.C.12 and I1.C.14 we have the

Theorem 11.C.24. The first mapping below is surjective, and assuming the
second is surjective

H1<@Y) - él H*(Ng /Y)
H°(Ky) H°(Ky|
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then for a general € € H*(Oy) and any E;, there is a ¢ € H(Ky) such that
the image of £ @1 in HI(Q}L) 1S NON-2€ero.

This implies that all images & of ¢ in HY(N B /Y) are non-zero; thus &
maps to a non-zero element in 7 Def(Y)/T Def(Y, E) under which to first
order all of the E; disappear. Thus £ gives a non-zero element in 7" Def* (X).
This is the local picture.

For the global case we assume that we have a surface (X,p) with an
isolated semi-log-canonical singularity of the above type and with canonical
resolution (X, E) — (X, p). Denote by (Y, p) the germ of a neighborhood of
pin X and by (Y, E) — (Y, p) the resolution. For simplicity of exposition we
assume that H'(O ) is unobstructed. There are maps

T Def(X)
k" /a\
() H'(6g)——H'(Oy) — & H'(Ny,¢)
B
/\
(MC23) ()  HO(Kg) — HO(Ky) — & HOUK )
H(Kx)
/\
© () ——H(Q)) — & H'(Kg).

The differential of the period mapping at the point corresponding to the
singular surface (X, p) may be identified with

(IL.C.26) 6 : H'(© ) — Hom (HO(Kg), H'(2%)) .17

The following is by far not the strongest possible result. It is given to il-
lustrate how via the extended period mapping Hodge theory enters into the

!"Here we recall our convention that 6® on H'(Oy) is defined by composing
the Kodaira-Spencer map on discs A C H!(© <) with 0® as earlier defined in the
1-parameter case.
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geometry of completed moduli spaces, in this case the locus of surfaces having
a particular type of singularity.

Theorem IL.C.27. A sufficient condition that ¢ € T Def(X) map to a
smoothing direction in T Def(X) is that for each i there exists 1; € H°(Kx)
such that the composite map X\ in

ap(§) ® B(y) € H (N, x) ® HO(K

T~

Hl(KEz)

5)

be non-zero.

Indeed, by the analysis above this is sufficient to insure that to first order
every E; does not move when we deform X in the direction &.
There are similar results expressing when a subset of the E; does not de-

form, so that the direction £ will give at least partially smoothing deformation
of X.

Summary Stripped to its essentials the above argument is the following:

° (X ,E) — (X, p) is the resolution of a rational, Q-Gorenstein smooth-
able singular surface.

e The [24] smoothing deformations of X are Q-Gorenstein smoothings
in Def(X) and are the images of deformations of X under which the
normal crossing curve E = UFE; disappears;

e More specifically, there is a picture

Gorenstein singularity (an Ag,—1 singularity)

|

Gorenstein singularity/finite group  (a Q-Gorenstein
smoothable singularity).

We smooth the quotient by a smoothing the Ag,_1 singularity that
preserves the finite group action. The actual equations for this were
written out above (cf. (I1.C.10)).

e We ask whether this is the same condition as that the Hodge classes
[E;] € Hg'(X) cease to be Hodge classes.
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e The result is that the conditions in the second and third bullets are to
first order equivalent if, and only if, p is not a base point of the canonical
series |K x|.1®

e To express this condition cohomologically, first taking the case where
there is one E; := E as a consequence of the commutative diagram

@Y®KX

_—

E

we have the commutative diagram

H'(O3) ® HY(Kg) —— H'(QY)

| |

H'(Ngx) ® HY(K o) ) — H'(Q).

e For £ € HY(O <) the condition that to first order the Hodge class given
by E not deform to a Hodge class is that ¢ ® HO(K ) Maps non-zero
to HY(QL).1?

e For the case when F = UE; we use the normal sheaf

Ng/ 5 = Homo, (Jp/I%, Op)

to obtain the same result where now the map must map non-zero onto
each HY(Kg,).

I1.D. Wabhl singularity for I-surfaces

Local theory We recall that any é(l,a) quotient singularity (Y, p) has an
index 1 cover (}A/, p) with an action of i, with fixed point p and with quotient

18This means that there is ¢ € H%(K x) such that t; := image of ¢ in H*(K ¢ |E1)
for all + when X is Gorenstein so that Kx is a line bundle this is the same as
¥(p) # 0; when Kx is only Q-Cartier the condition is more subtle.

9The condition that to first order E not deform along with X is that & maps to a
non-zero element in H* (N, /%)- We observe that to first order deforming preserving

E and preserving the Hodge class [E] € H 1(Q§() are equivalent.
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(Y,p) (cf. [22]). For the (1, dna — 1) singularity we have

(Y, p) = (Y.p)

where ()A/,f)) is an Ag,_1 singularity with a pg action. The Wahl singularity
is the first case d = 2, n = a = 1 giving a i(l, 1) singularity with index 1
cover the %(17 1) singularity A; having an equation and Zs-action

Ty = 22
T—= =T, Y= =Y, = —Z.

The smoothing zy = 22 + s gives, after a base change s = t? with t — —t
and then taking the Zs-quotient, a Q-Gorenstein smoothing of it. The Wahl
singularity is of historical significance: it is the first non-Gorenstein cyclic
quotient singularity, and its smoothing has no vanishing cycles and therefore
has trivial monodromy.

Before illustrating Theorem (II.C.24) and the above construction we shall
briefly describe some geometric interpretations of the Wahl singularity and
its Q-Gorenstein smoothing.

e a 1(1,1) singularity is realized as the cone over the rational normal
curve of degree d in P4; equivalently, it is the section P(Op1 @ 0) of the
PL-bundle P(Op1 & Op1(—d)) over P;

e for a smooth non-degenerate surface S of minimal degree d in P!, a
hyperplane through the vertex of the cone over S gives a realization
of this singularity, and deforming the hyperplane to not pass through
vertex gives a smoothing;

e for the Wahl singularity when d = 4 there are two choices for S, the
rational normal scroll and the Veronese surfaces P2 < P embedded by
|Op2(2)[; only the second of these gives a Q-Gorenstein smoothing.

. . . 5 f* .
For the desingularization (Y#, E#) = (Y# p#) of the node, since the
singularity is canonical,

f#*KY#’E# = K?#|E# = Op#.

We note that
H' (N4 ) = H'(Op2(-2)) = C

and the map
H'(Op4) — Hl(NE#/f/#)
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is non-zero; thus by the analysis at the end of Section II.C the —2 curve E#
disappears (in fact already to first order).
For the desingularization (', E) EN (Y, p) of the Wahl singularity we have
the equations of Q-line bundles
. 1
Ky = Kf/ + i[EL
Ky | = 0gp(2).

The localized derivative of the period mapping is

(IL.D.1) 2l I 2l
H°(Og(2)) ® HY(Op(—4)) — HY(Op(-2)).

Thus under the smoothing direction of the Wahl singularity the class [E] €
H(QL) disappears.

Global theory Fxample of I-surfaces. An [-surface is a smooth, minimal
general type surface X with

pg(X) =2, ¢(X)=0, K% =1.

These surfaces were studied classically; recently they have emerged as among
the first examples where the completed KSBA moduli space M; has been
analyzed.? From the cited works there is one divisor in M; whose general
point corresponds to an [-surface (X, p) with a single Wahl singularity. Here
we shall describe these surfaces and, with details to be provided elsewhere,
will discuss how this divisor may be detected Hodge theoretically under the
extended period mapping

®:M;;—T\D

20Gee [10] for a detailed analysis of the Gorenstein components of M; and also
for the elusive non-Gorenstein divisorial components of that space. See also [22] for
the Wahl singularity case. Much of the following discussion is based on notes by
them that are a sequel to [10] and on discussions with them and Radu Laza and
Colleen Robles.
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where My C M parametrizes the possibly singular I-surfaces that have a
Q-Gorenstein smoothing with finite monodromy.?!

Let X be an [-surface with a i(l, 1) singularity p. There are several ways

to construct (X, p), and to describe one of these we use the notations

P(1,1,2) has coordinates (21, 22,y) and is embedded in P? as a quadric

cone with vertex P
1%
4(«
P Y

P(1,1,2,5) has coordinates (x1, x2,y, z); any Gorenstein I-surface Y has
the equation

2% = agy’ + az(x1, T2)y* + -+ + aro(w1, 72)

where ag (71, 22) is homogeneous of degree 2k and ag # 0 (cf. [10]).

Y — P(1,1,2) C P? is branched over a quintic V' &€ |Ops(5)| where P &€ V.
As ag — 0 the quintic V' passes through the vertex P = (0,0, 1,0) and the
limit surface X ceases to be Gorenstein but acquires a %(1, 1) singularity
over P.

For ag = 0 and (z1,72) # (0, 0) over the fibre of projection P(1,1,2) — P!
we have a double cover of a quartic intersection with the line over (x1, z3).
The discriminant of the quartic has terms like a3a$,, a3a2a?, . . . ; they all
have the same degree 3-2+3-10,2-44+2-64+2-8,--- = 36. Hence,
when ag = 0 outside of what happens at P we have a 2:1 covering of
P(1,1,2)\ P with four branch points over the intersection of V' with the
rulings of the quadric. In general, there are 36 such rulings where two of
the branch points come together; i.e., the corresponding curves acquire
nodes.

Over x; = x5 = 0 we have z = 0 which is the singular point (0,0, 1,0)
on X. Here P(1,1,2,5) has a %(1, 1,1) singularity of index 2. A weighted
blowup inserts a Veronese surface Xy under the map

(x1,22,0, z) — {all quadratic monomials in 1, xo, z};

the blown up surface X; intersects the Veronese X, in the conic hy-
perplane section E given by z? — as(z1,x2) = 0. Here we assume ay is

2IThe period domain D has dimension 57 and H C T'D is a contact structure.
The differential ®, : My — I'\D is injective at all smooth surfaces X, and the
image ®(My) is a contact subvariety. The monodromy group I is arithmetic; it is
not known if it is the full Gz.
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non-degenerate. The conic F maps 2:1 to the P! coming from z1, x9; i.c.,
we have z = ++/as(x1, x2).

e Thus X; Iy Pl is an elliptic surface having a bi-section

C o XD

with branch points at the zeroes of as(z1,x2).
e For the numerology we have for F; := E C X;

E2= 4
B2 =4
— KX1 'E‘X2 =2 (thus KX1 ~EX1 +E§(1 = —2)

- f*le/pl = Opl(l)

Since the monodromy 7" = I, from Hodge theory we have py(X;) = 2.
We now denote by E the P! in either X; or X5 and consider the surface
Xo = X1 Ug Xy. Then HZ_ is the cohomology of

HOEB)(-1) & H2(X)) @ H2(X,) & H2(E)

where G is the direct sum of Gysin maps and R is the sum of signed restric-
tion maps. Thus in the diagram (IL.D.1) the image of the map to H?(X1) is
spanned by

[E]* € HY(QY,) = H?(Veronese) = C.

This has dimension 1, and from a work in preparation on moduli of I-surfaces
and Hodge theory we will provide details of the argument to show

For the moduli of I-surfaces there is 1-condition to have a %(1, 1) singularity.
This condition is detected Hodge theoretically by the presence of an additional
Hodge class in ®(0) = Hp, .22

Note Following a suggestion of the referee there is a conjectured formulation
of the above as follows: a general [-surface X having a Wahl singularity
corresponds to a general point € My, which is a smooth divisor in My in

221t is due to FPR that there is another divisor in My ; given by I-surfaces
having a 5=(1,14) singularity. We do not know if this one may be detected Hodge-
theoretically. It is work in progress to develop a good formalism for dealing with
the calculation of general such examples.
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a neighborhood of 1. Denoting by X the desingularization of X with £ C X
being the exceptional elliptic curve with £E? = —4 and that contracts to the
singular point p € X, there is a commutative diagram with exact rows and
where the superscripts denote dimensions

(ILD.2)
0 i( %—TMLXQS%NMfMI —0
OHHOIH(HQOX ), {E,p})° H—Tq,(X)PH‘HOm(HQOX Hll(V)) —0

where h € H?(X) is the class of Ox(1) pulled back to X, P = ®(M;) C T\D
is the image of the period mapping on My, and V' is a Veronese surface
where F is a hyperplane section passing through the vertex of the cone over
V and where the Q-Gorenstein smoothing of F is obtained by varying the
hyperplane section.

Note There is an interesting dimension count going on here. Namely,

e elliptic surfaces Y with ¢(Y') = 0, pg(Y') = 2 have 30 = 10- x(Oy) moduli.
Specifically, in the case at hand

h'(©y) =30 and h°(Oy) = 0;

e the “expected codimension” in moduli for Y to have a line bundle L — Y
is pg(Y) = 2;

e the L we are interested in has L? = —4, L - Ky = 2;

e if hO(L) # 0, then h°(L) = 1 and there is a unique curve E € |L|; from

F?=—-4, FE-Ky=2

we infer that the arithmetic genus p,(F) = 0, and from the above local
picture generically E = P!;

e for (Y, E) as above we may contract E to give an I-surface with a (1, 1)
singularity.

With the details to be given elsewhere,

— dim{pairs (Y, L) as above} = 30 — 2 = 28;

— among such pairs (Y, L) it is one condition to have h°(L) # 0;

— the space of pairs (Y, E) has dimension 27;

— since dim M; = 28, the above explains why imposing a (1 1) singular-
ity is one condition in moduli of [-surfaces.
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ITI. The case of infinite monodromy (IN # 0)

In this section, we will define and give examples of d® in the situation where
a semi-stable reduction gives a family X — A where Xy := X is a reduced
normal crossing divisor. We will break the discussion into two parts.?3

(i) T Det(X),
(ii) T Def™(X).

III.A. General structure and examples of d® in the equisingular
in case

This is essentially the case of d® for a family of mixed Hodge structures
([31]). The assumption that these are limiting mixed Hodge structures does
not enter.

There is a structural result concerning the differential §®. Following some
preliminary discussion this result is stated as Proposition I11.A.3 below. The
weight filtration is preserved in a variation of mixed Hodge structure, and
in the non-classical case the interactions among the associated graded pure
Hodge structures are reflected by how the extension data in the mixed Hodge
structures is constrained. Basically up to integration constants all of the ex-
tension data is determined by that of level < 2.

The space of graded polarized mixed Hodge structures with given Hodge-
Deligne numbers forms a period domain D [27]. It is a homogeneous complex
manifold consisting of filtrations { F?} on a complex vector space V¢, and the
tangent bundle to D has a horizontal sub-bundle H C T D defined by the
condition

(IIL.A.1) FP C P

There is a weight filtration W on V such that for each point F© € D the
filtration induced by F on each Gr!” (V¢) defines a pure Hodge structure of
weight m. Finally, there are bilinear forms that polarize the Grl¥ (V)’s.

The period mappings we consider will give holomorphic mappings @ :
A — D that satisfy (IIL.A.1); i.e.,

®,(TA) C H,

23We refer to the Appendix for the notation and summary of deformation theory
and Hodge theory for normal crossing varieties.
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and will induce variations of pure Hodge structure on Gry’ (V') := H*. More-
over, the variations of mixed Hodge structure we will consider over discs A
will be restrictions to A of global admissible ones over possibly non-complete
algebraic curves C' with A C C'. The reason is that ® will give the restriction
to A of a morphism C' — J, where J is an Abelian variety, and the condi-
tion that the induced map H;(C) — Hi(J) be a morphism of mixed Hodge
structures is used in the proof of Proposition II1.A.3.

The period domain D is an iterated analytic fibration with successive
fibres isomorphic to the space

(II1.A.2) By := Bxtygs(HF, H)

of level £ extensions. Fy is an abelian complex Lie group that is a quotient of
a complex Euclidean space by a discrete subgroup. Using the notations from
[19] it is shown there that

(i) for £ = 1, the Lie algebra of E; has a Hodge structure whose Hodge
decomposition looks like

(2k+1,0)+ -+ (k+1,k) @ (k,k+ 1)+ + (0, 2k + 1)

and a holomorphic mapping of a possibly non-complete algebraic variety
to Fj has differential mapping to the complexification of the largest
sub-Hodge structure over the bracket;

(ii) for ¢ = 2 the differential is a mapping to the complexification of the
largest Q-subspace, which is then a sub-Hodge structure, over the brack-
et in

(2k,0) 4+ -+ (k, k) +- - + (0, 2k);
——

(iii) for £ = 3 the differential is zero.?*
In summary, we have the

Proposition II1.A.3. For an equisingular deformation of X, the differential
of the period mapping to the mized Hodge structures is determined by the
differentials of the map to the associated graded pure Hodge structures and to
the extension data of levels < 2.

24This does not mean that the higher level extension data is uninteresting. For
instance if the Gr!” (V) are Hodge-Tate, then entries in the period matrix repre-
sentation of the higher level extension data is given by polylogarithms and the
constants of integration give functional equations for them.
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Ezxample 111.A.4 (General). Let X, X3 be smooth surfaces, C' a smooth irre-
ducible curve with embeddings

C—0C;CcX;, i=1,2,
and
(III.A.5) X = X1 Ue Xo

the normal crossing surface obtained by gluing X; and Xs along C7 and Cs.
With the further assumptions that the X; are regular so that

Pic(X;) = Hg'(X;)
and notation
PiCO(XZ‘, Cl) = {LZ S PIC(XZ) : deg(Lz‘C) = 0}
>~ ker{Hg'(X;) — H*(C))}

we want to interpret ¢ on T Def®(X).

Assuming that [C;] # 0 in H?(X;), Mayer-Vietoris gives the exact se-
quence

0——= HY(C) —— H?*(X) —Ker{H*(X;) ® H*(X3) — H*(C)} -0
2l I
CryV H?(X) Cry H*(X).

Part of & detects the differential of the period mappings on Gry H?(X) and
on Gr}” H?(X). These are standard mappings, so for the purpose of illustra-

tion we shall assume that both of them are constant on A C T Def®(X).
Then what is varying is the extension data in

(I11.A.6) 0— HY(C) = H*(X,C) = ker{ H*(X) — H*(C)} — 0.

From this and setting we may infer the
Proposition III.A.7. This extension data is a sum of pieces in

(i) Extypg(Pic’(X;, Ci), H'(Ch)) = Bxtiyug(9Q(=1), H'(C));
(i) Extyps(H*(X)u, H'(C))).»

BH?(X;)e = Pic’(X;) " is the transcendental part of H?(X;).
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For the geometric interpretation of (i), we let D;; be a family of divisors
on X; such that deg(D; ;- C;) = 0. Then AJc(D;+-C;) is a curve in J(C') and
the corresponding part of §®(d/dt) is the tangent to this curve.?6

The term (ii) is represented by membrane integrals, which are transcen-
dental invariants. Their derivative is, however, algebraic and we shall give an
explicit example to illustrate how this may contain useful geometric informa-
tion.

Proposition ITI.A.8. If T' Def®(X) is unobstructed, assuming generic local
Torelli holds for each of Det®(Xy,Cy) and Def®(Xa, Cy), it then holds for
Def®(X) as well.

We will not give a formal proof of this result; it is a straightforward
consequence of deformation theory, Hodge theory and the period mapping
for normal crossing divisors.

The point of this proposition will be to be able to use generic local Torelli
on a boundary component in moduli to infer generic local Torelli in the inte-
rior.

A typical example we have in mind is given by the following well-known
construction:

e (Xi,(C) is the desingularization of a surface (X, p) with a simple el-
liptic singularity of degree d = —C%; we assume that T Def(X1, Cy) is
unobstructed;

o (Xy,(%) is a del Pezzo surface given by realizing Cs as a cubic curve
isomorphic to C and blown up at 9 — d points {¢;} so as to have

Neyyx, @ Neyyx, = Oc;

e then X = X; Ug Xo is to first order smoothable, and the limiting
mixed Hodge structure H, locally in T Def®(X) determines the pair
(Xy, Cy); this is because Gr}” HZ, determines Cy and the level 1 exten-
sion data determines the pair (Xso, Cs);

e Gry H?_ locally determines X; and then the extension data in
H?(X1,C1) locally determines the pair (X1, Cy);

(ITI1.A.9)
e when we discuss 09 in smoothing directions it may be shown that if
T Def(X) is unobstructed, so that the Kuranishi space of X is smooth, and
that if the conditions in Proposition III.A.8 are satisfied, generic local Torelli
will hold for the KSBA moduli space of a smoothing of Xj.

26This is due to Carlson (cf. [2] for an exposition).
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Ezxample IT11.A.10 (Specific). As suggested in (II.D.2) the above conditions are
satisfied when (Xy,p) is a general specialization of smooth [-surfaces ([10],
[21], [28], [20], [3]). In the notation of (I1.D.2), P is a 28 dimensional contact

subvariety of T\D and the deformations of (X, E) give a 27 dimensional
family for which local Torelli holds (X in (I1.D.2) is equal to X; above).

generic local Torelli holds for I- and H-surfaces.

Example 1I1.A.11. We will now illustrate how §® may be used to prove generic
global Torelli results.?” The specific example will be the mixed Hodge struc-
ture on a pair (X, C') where C' C X is a smooth curve in a smooth surface. The
idea is that d® is an algebraic invariant of the pair (X, C), and in some cir-
cumstances it contains sufficient information to be able to determine (X, C).
This example arose in the study of the boundary of moduli of I-surfaces

D C P? is a general plane sextic defined by an equation a (x,y,2) = 0;
e X C P(1,1,1,2) is a 2-sheeted covering of P? branched along D; X is
given by

¢ C P? is a line, not tangent to D; we may take x = 0 to be the equation
of ¢
e (' C X is the 2-sheeted covering of ¢ branched along ¢ N D.

Then X is a K3 surface of degree 2, i.e., with an ample line bundle L — X
with L? = 2, and C € |L| is a general section. We note that (X, C) uniquely
determines the pair (D, ¢).?

Proposition II11.A.12. The mapping
(D,0) = H*(X,C)

has degree 1.

What will be shown is if (D, /) is general, then up to a projective trans-
formation the differential of the period mapping sending (D, ¢) to the mixed
Hodge structure H2(X,C) is injective and the algebraic expression for it
uniquely determines F, £. This is the analogous situation to Donagi’s proof of
generic global Torelli for most hypersurfaces in P*** n = 2 (cf. [9] and [17]).

2Tn [28] there is a global Torelli theorem for a particular class of I-surfaces. It
is deduced from a global Torelli result for lattice polarized K3’s.

Z8What this means is that given (X, C) we may uniquely determine (D, ¢) up to
a projective transformation.
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We set

W = H°0x(1)), W*=Sym* W,

W =W/(¥).
The following are done by similar calculations to those in [17] and we shall
just give the basic steps. The intermediate local Torelli step in the proof is
summarized in (III.A.15) below.

Using
H*(X\C) = H* (% (log ©))
we have
FPH*(X\C) = H)(Kx(C)) = H(0x (1)) = W.

This fits in the standard exact sequence
0—— H?9(X)—— F?H*(X\C) ——= HY(C) ——=0

Al Al I

C W w.
A further calculation gives

F'H*(X\C)/F?H*(X\C) X W'/(F,F,, F.).
Denoting by Jr and Jr the Jacobian ideals the extension exact sequences are
0—— H?*%(X) ——= F?H*(X\C) — H"(C)(-1) ——=0
I I I

0 C ¢ W W 0;
1772 C
0 ——H"'(X)p — ey — HH(C)(=1) —=0
2l 2l 2l
x w7 w’
O WG/JF (FyFvaz) F O
and
1 2 70
0—— H'"(C) — fopmiye) — H"H(X)pr —0
2l 2l 2l
—4 6 6
0 - W /JF (F7FW‘1J’FZ) “/}/_F O-
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Here the map on the bottom left is
u — uk),

where 1 is a lift of u to W*; the map on the bottom right is projection using
Jr 2 (F,Fy, F,).
Next, for the differential of the period mapping we have

0——=T{0} T{(D, ()} T{D} 0
2 2 2
0 W WS/(F,F,,F.) —=W®/.Jp —0

where again the map on the left is u — @F),. Then

Tip.ay ® FPHX(X\C) oG
(ITL.A.13) 2 2l 2

WG/(FvFZHFZ)®WHW7/(F7F?J7FZ)
is multiplication, as is (using W9 = C)

Tipe ® FPH*(X,C) — F'H*(X,C)/F?H?*(X,C)
(I11.A.14) Al 2l Al
WS/(F,F,, F,)®C WS/(F, F,, F,).

From Macaulay’s theorem
WO/(F, Fy, F.) = (W/(F,F,. F.))",
and surjectivity of the multiplication of polynomials gives the
(III.A.15)  Conclusion: Local Torelli holds for H*(X\C) and H*(X,C).

As in the proof of generic global Torelli for hypersurfaces ([9] and [17]),
the final step is to deduce the polynomial structure on the W* appearing in
(IITI.A.13) and (III.A.14). Setting

RFE=WF/I, I, O (F, F,, F,)x

the period mapping is
We RS R
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There is a Koszul complex
(IIL.A.16) R2S W R S AW @ R

where  can be deduced from ¢ and we need that (II1.A.16) is exact. Using
Macaulay’s theorem in this situation, the dual of (III.A.16) is

NW @RS — W ® R — R°.
Then using ([15], [16])
NWoWe s WeW' —-WeW*
is exact at the middle term. Also
W ®I; — Iy

is surjective, so that we may infer that (II1.A.16) is exact and that « is
injective. Thus we have

R> - W*® RS.
By duality
R' - W*® R® — N°W* ® R®
is exact at the middle so that we recover
R' - W*® RP.
Continuing in this way we obtain
R} - W* @ R

But R* =2 W3 and R* = W* so that we have recovered the multiplicative
structure on k3, R*. From this we are able to recover (F, F,,, F;,) in all degrees.
It remains to show that

We can recover F,{ from (F, Fy, F%).

We have F),, F, and this gives F' = G(z) for some G(z). If
(F+G(z),F,, F,) = (F,F,, F.),

then G(z) € (F,, F.). For a general F' there is no function of z above in
(Fy, F.)s.
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Having F', since Fy, Iy, F, are linearly independent
W* — W
picks out (IW/¢)* and hence ¢, which completes the proof.

ITI.B.1. Definition and properties of d® in the smoothing case
Given a period mapping

A" —-T\D
where I' = {T% : k € Z} with T = T, = ¢V, N # 0, setting ['(N) =
exp(CN) C G there is a set theoretic extension of this mapping to

(IILB.1) ®: A= T(N\D

where D is the compact dual of D. The image of the origin
®(0) := Hjjy, = {V,W(N), Flim }

is an equivalence class of limiting mixed Hodge structures. There is an induced
mixed Hodge structure on End(V'), and we shall define

F~1End(V)
FOEnd(V) + CN'

(111.B.2) 5 €

The principal part of ®(t) is N and 0% will be the term of next order in the
expansion of ®(t).
To define 6® we denote by

Ve =l P
the Deligne decomposition of the mixed Hodge structure Hj}  and by
gc = dg?

the induced Deligne decomposition on g C End(V'). The Hodge and weight
filtrations on g are

Frge= @ ¢"
a

(IIL.B.3)
Wng= © g™
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The tangent and horizontal spaces are
TpD =~ g/F'g
U

IrD = F~'g/F'.
Setting ((t) = logt/2mi the lift of ® in (I1.B.1) is
(II1.B.4) O(t) = exp(l(t)N) exp&(t) - Flim

where

JORSEY B
q

Definition 111.B.5. §® = £'(0) mod CN.

The interpretation of 09 is that exp(¢(t)N) Flim is the nilpotent orbit ap-
proximating ®(¢) and 0P measures the first order deviation from ®(¢) actually
being a nilpotent orbit.

The weight filtration on g induces one on d®. For weight n the weights
w satisfy —(n + 1) < w < +(n — 1). The associated graded to the weight w
part of the differential is given by maps

P4 _y p—Lgtwtl

in the Deligne decomposition of g. In the geometric case the I”? are inter-
preted cohomologically and this leads to a Kodaira-Spencer type interpreta-
tion of the graded pieces of the differential of the extended period mapping.
An application of this will be a cohomological expression for the first order
variation of the level k extension data when that data of levels less than k
are held constant.

For the cases n = 1,2 we shall give a schematic depicting this structure.
We recall that for an ordinary period map to polarized Hodge structures of
weight n when n = 1,2, the differential is determined by the maps V™0 —
V=Ll Hence for the cases of curves and surfaces the differential will be
determined by the maps

[ robatetls g <g<n

29Here we are following the notations in [19].
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and so we shall only depict those. The first case is

(111.B.6) n=1 e e

The interpretations are

1473

— is weight 0 and reflects the first order variation of the associated graded

to the limiting mixed Hodge structure;

is weight —1 and reflects the first variation in the level 1 extension data
when the associated graded to the limiting mixed Hodge structures are

held constant;

contains the same information, in dual form, as

is weight —2 and reflects the first variation in the level 2 extension data
when the associated graded to the limiting mixed Hodge structures and
the level 1 extension data are held constant. This is only well defined

modulo the action of N.

We note that there are no elements of positive weight in (II1.B.6) and that the
lowest weight is —2. The first of these properties are special to the classical

case.
We next turn to the n = 2 case

(IIL.B.7) . %/H-/

The interpretations are
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— has weight +1. It is not present in the classical case, and has the Lie-
theoretic interpretation that to first order the point ®(0) € D moves
out of the Schubert cycle in which it lies.?"

The arrows , and — have the same interpretation as in the n = 1
case. The — has weight —3 and reflects the first order variation of the level
3 extension data when to first order ®(¢) remains in its Schubert cycle, and
the associated graded to the limiting mixed Hodge structure together with
the first two levels of extension data remain fixed. We have seen that under
these conditions this map is zero.

In the geometric case the I”?’s are given by the algorithm represented
pictorially given in a special cases by III.B.6, II.B.7, and III.B.9. In the
geometric case the maps giving these arrows will then be expressed by mul-
tiplication by cohomology classes, and we now illustrate one of these.

Example. We will cohomologically interpret the arrows —, and in
(II1.B.7) in the case when

X =X1Ue Xo

consists of two smooth surfaces X7, Xo joined along a double curve C'. We
use C; C X; for the curve C in the surface X; (i = 1,2). The BF condition is

Neyx, & NCQ/XQa
or equivalently
(II1.B.8) 0c(Ch) =2 0c(—Cs).

The relevant parts of (II1.B.7) are

(111.B.9) .

30In the classical case the image of the lift of ® : A* — I'\D to the universal
cover H of A* lies in a bounded domain in a C™, hence in a Schubert cell. This
is no longer true in the non-classical case, and its failure is a significant property
there. Geometric examples occur already for the smoothing of two smooth surfaces
glued along a smooth double curve (cf. [19]). The proof of the main result in that
paper is based on the fact that there is a lifting of ® to a Schubert cell in the
neighborhood of a fibre of ®;.
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The dots representing the [P9’s are given by the prescription in (B3).
Using these a part of the red arrow will be a mapping?!

(I11.B.10) HY(Q%,) = H'(O¢,)(—-1)/H(QY,).

Note the exchange between X; and Xy; this will be a reflection of (BF).
To describe the further maps in (II1.B.9) we will use the cohomology
mappings arising from the commutative diagram

0%, — 0%
0

1 2l

%,

1

0 — Q%,(logCy) — O, (C) — QO (Cy) — 0

!

002(_1)

!

0.

1‘6’1 = Qlcl(_cl)

The horizontal isomorphism on the top is adjunction, and the vertical isomor-
phism on the right uses (BF). The composition of the maps on cohomology
give the map

HO (%) — ker {H'(0c,)(—1) = H*(Q,)}
m Mm

12,0 [1,2

An explicit example where this map is non-zero is given by an I-surface
having a simple elliptic singularity.

We next turn to the mapping . In general, this mapping is defined
only if the mapping — is zero, which will be the case if we are in the N =0
subspace of the LMHS. Thus one may think of X as giving an equi-singular
deformation X; = X1 ;Jgs, X24. Then

t HO(Q%,) — H'(QX,)

31This mapping was discussed in the special case when C = P! in II.C.3.
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is the usual derivative of a period mapping. We note that the image of this
mapping lies in
(C1)* C HY(Q,)
reflecting the assumption that C; deforms along with Xj.
For the mapping

(ITIL.B.11) S f
we first note that it is defined when both — and are zero.3? Geometri-
cally we imagine a family
X=X U Xo
t,C

where X1, X5, C are constant but the gluing of X; and X5 along C' varies
with ¢. Now

H' (1) ®H?

<t 1o 2) o~
Extyyg(H (1), H7) FO(H' (1) ®H?) + (H' (1) ®H?);

This is a compact complex torus having a summand that is an abelian variety
J with tangent space

T.J = Hom(I*', I2? © C).

Using the duality JO1 = 21 we shall give the geometric interpretation of
(ITIL.B.11) under the simplifying assumption that the H'(X;) = 0 for i = 1,2,
Then J = J(C') is the Jacobian variety of C'. We set

(PicX| ® PicX5)? = (C1 @ Cy)*.
For the family of embeddings j; : C'— X; x X5 there is a mapping
oy : (PicX; @ PicXy)? — J(O)

and unwinding the definitions the mapping may be identified with the
derivative of ay. In words

Fixing X1, X2, C and mapping the gluing of X1, X2 along a family of different
embeddings of C' in these surfaces, a part of the variation in the first order
extension data is measured by the variation when the Pic(X;) map to J(C).

32In a somewhat different form this description has been given above.
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To interpret the arrow “\, we note that because we have a limiting mixed
Hodge structure there is a duality between Extyq(H'(—1), H?) and
Extygg(H?, H'). Thus this arrow contains no new information beyond

That leaves the interpretation of |. Here we just note that in [19] it is
shown that the level 1 extension data gives a cone ¢ of line bundles over a
compact complex torus 71" and that the fibres of the map to the associated
graded maps to a sub-torus J of T" over which the line bundles L € o are
ample. The level 2 extension data then maps the fibres of ®; to nowhere
vanishing sections of these line bundles.

Note In the geometric case of a family X = A a natural option for the
derivative of the period mapping at the origin is given by using the canonically
extended Gauss-Manin connection V. As we will now explain, ¢ corresponds
to d/dt while V corresponds to td/dt.>

Given the standard geometric situation

X5 A

of a family X; with X; smooth for ¢t = 0 and X a reduced normal crossing
divisor, for V. the canonical Deligne extension of the cohomology bundle of
the smooth fibres there is the map

Ta(—1og{0}) — F~'End(V,)

induced by V. When written out in coordinates this corresponds to ¢ d/dt.
The difference between the two may be illustrated by the period matrix
of a family of genus 2 curves acquiring a node at ¢ = 0. The picture is

(IILB.12) — @

and the normalized period matrix has the well-known form (cf. [19] for the
notation)

R O =
Q> = O

33More precisely, if we twist ®(¢) by composing with exp(—£((t)N), then §®
corresponds to d/dt’t:o of the twist.
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where a, A are holomorphic with ImA > 0 and b = ¢(t) + by where by is

holomorphic. Then
_ [ N
50 ( ’ )

0 0
a0 9)

Ezample 111.B.13. We will show that the example (II1.B.12) is not a nilpotent
orbit. This is interesting not so much in its statement, which is certainly what
one expects, but in the method of proof. The result is pretty obvious, but how
can one prove it?

while

Proposition I11.B.14. The degeneration (111.B.12) is not a nilpotent orbit.

Proof. To obtain for Xy a global normal crossing divisor we must blow up
the node to have

—
X1
p q
Xo

where p, ¢ are ordered. The relevant sheaf sequences are first

OHle(—p—q) KXI KXLP@KXMZHO
2l

Nyyx, © Nyjx,

i

Np,x, © Ny/x,
2

@sz ® @qu

where the second isomorphism on the right uses the BF condition, and sec-
ondly

0— GXQ(p— q) — @X2 — 9)(271) @Gxqu — 0.

34Recall the 6P is &, modulo CN.
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The cohomology sequences lace together to give

HO(KXl) - Klep D KXL(I

~
~
LY
~
~
EN

HOyx,) —=Ox,, ®Ox,q — H (Ox,(—p — q)).

The map « is non-zero provided that there is w € HY(Ky,) with w(p), w(q) #
0 and H'(©x,(—p —q)) = 0. The latter happens when X, = P!, which is the
case above.

For the former, since in semi-stable reduction the points p, ¢ are ordered,

AJx,(p—q) C J(X1)

is well defined. If it is non-zero, which may be assumed in the example at
hand, then the interpretation of the blue arrow (representing extension data)
in (III.B.6) gives that o # 0. O

Example 1I1.B.15. A related example that illustrates the weight filtration on
0% is given by semi-stable reduction applied to the family of curves

C

where the order pairs of points p, p’ and ¢,¢ on C are identified to give the
two nodes on C. Then

0® has Grg, Gr_1,Gr_o

pieces.

Gro(0®): This is the differential of the period mapping ® for the variable

curve C.

Gr_y(6®): If ® is constant, then Gr_;(d®) is given by the pair {AJx(p —
P), Al —q)}

Gr_o(0®): Suppose first that C' = P!. Then the points {p,p',q,q} have a
cross-ratio, and as in [19] 6@ is given by its variation.

For C' of any genus one may define a generalized cross-ration using nor-
malized differentials of the third kind.
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Appendix: Summary of notations and of properties of
normal crossing varieties

Notations In general, we shall follow those in [12].

X = UXi;
e locally X is isomorphic to z; -z, = 0 in Crtl;
o X =IIX; is the desingularization X;
(3
o XM = mHkXil N-NX;, I =(i1,...,0);
o aj: XM X a; =a;
[ ] D = U)(Z n Xj = Xsing;
1<]
o QL = sheaf of Kéhler differentials with

0— 7x = Q% — a. Q%

where Tx is the torsion subsheaf of Q%;
e 7x is locally generated by ¢; = x1--- & - - - xpday;
e Op([X]) = Exty, (2, 0x) = 7y is the infinitesimal normal bundle;
e if X is embedded in a smooth (n + 1)-dimensional variety Y, then

Op([X]) = Ox([X])|, = Oy ([X])],

where the middle term is the usual normal bundle of X in Y;
e the BF condition is

(BF) Op([X]) = Op.

o>
A. Deformation theory [12]

We shall make the usual identification
T Def(X) = Extg (2, Ox).
The local to global spectral sequence of Ext gives

(A1)
0 —= H'(Exty  (Q%,O0x)) —= Ext (U, 0x) —= HO(Exty, (2%, 0x) —=

T Def®*(X) T Def(X) H°(0p([X]))
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The first term is the first order equisingular deformations of X.

For the third term a smoothing of X is given by a proper holomorphic
fibration X = A where X is smooth and, setting X; = 7 1(t), Xo & X. A first
order smoothing is given by similar data X, — A, where A, = Spec Cle] with
€2 = 0. The necessary and sufficient condition that there be a first order
smoothing is that (BF) hold. Assuming this we denote by

T Def*™(X) C T Def(X)

the open set of first order smoothings of X given by the £ € Extéx (Q4,0x)
that map to a global section of Op that is non-vanishing on every connected
component of D. Given £ € T Def*™(X) we denote by

:X:g—)AE

the corresponding first order smoothing.
In the use of the period mapping to moduli two types of deformations of
normal crossing varieties are particularly relevant:

(i) equisingular deformations,
(ii) smoothing deformations.

In (i) it is natural to assume the BF condition; and the deformations should
be constrained to those where the BF condition remains satisfied.
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