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Introduction

In this thesis, the author studies examples of one-parameter families of
Calabi-Yau threefolds and provides two results. The first result is a generic
Torelli theorem for one-parameter mirror families to weighted hypersurfaces.
The second result is a presentation of the global monodromy group of quintic-
mirror family in the general linear group of degree 4 over the ring of integers
modulo 5.

According to the above two results, this thesis consists of two parts.

In the first part, we will focus generic Torelli problem for four specific
examples of one-parameter families of Calabi-Yau threefolds, which are listed
in [M1]. For a given smooth projective family, we have the period map by
associating with each parameter the Hodge filtration on the third cohomology
group of the fiber over it. Global Torelli problem asks the injectivity of the
period map, and generic Torelli problem, which is a weak version of global
Torelli problem, asks the injectivity of the restriction of the period map to a
Zariski open set.

One of the families in the list of [M1] is the quintic mirror family. For this
family, Usui proves the generic Torelli theorem in [U2]. He gives this result as
an application of the logarithmic Hodge theory of Kato and Usui. By using
their theory in [KU], the period map P! — {0, 1,00} — '\ D arising from the
quintic-mirror family extends to a morphism ¢ : P! — T'\ Dz of logarithmic
ringed spaces. Here I'\ D= is a logarithmic Hodge partial compactification of
'\ D, and is endowed with a geometric structure of a logarithmic manifold,
which is a nearly logarithmic analytic space. In general, it is known that
under certain conditions the images of extended period maps are analytic
spaces by [Ul]. In the present case, ¢(P') is an analytic curve. For this
extended period map, the following theorem is proved.

Theorem 0.1 ([U2]). The extended period map ¢ : P* — T\Dz of the
quintic-mirror family is the normalization of analytic spaces over its image.

There are two proofs of this theorem as follows:
e o '(p(1)) = {1} and the ramification index at 1 of ¢ is 1.
e 0 !(p(c0)) = {oo} and the ramification index at oo of ¢ is 1.
The other three families in the list of [M1] are also one-parameter families,

whose parameter spaces are P!, and the geometric situations of these families
are similar to that of the quintic-mirror family. In the main theorem of the



first part, we prove the same theorem for these families after the proof of
Usui.

Theorem 0.2 ([Shl]). For the above three families, which are listed in [M1],
the generic Torelli theorem holds.

In the second part, we will be concerned with a description of the global
monodromy of the quintic-mirror family. The restriction f : (Wy) e — U of
the quintic-mirror family to U := P* —{0, 1, oo} is a smooth projective family
of Calabi-Yau threefolds. Fix a base point b € U. Then the representation
(U, b) — Aut(H3(W,,Z),( , )) arise from the local system R?f,Z, whose
fiber H3(W,,Z) over b is endowed with cup product ( , ). The global mon-
odromy I' of the quintic-mirror family is the image of this representation. By
taking a symplectic basis, Aut(H?*(W,,Z), (, )) is identified with Sp(4,Z).

Matrix presentations of the generators of I' are well studied and it is also
known that I' is Zariski dense in Sp(4,7Z) (e.g. [COGP], [D]). However, it is
not known whether the index of I' in Sp(4,Z) is finite or not (e.g. [CYY]).
A direct approach for this problem is to describe I' explicitly. In the main
theorem of the second part, we give a presentation of I' in GL(4,Z/5Z),
which is a small attempt toward a description of I'.

Theorem 0.3 ([Sh2]). Let p : GL(4,Z) — GL(4,Z/5Z) be the natural pro-
jection. There exists a subgroup I of GL(4,7Z) such that I'" ~ T as a group
and

1 n 3n°2+2n a

, 0 1 n b
p(I'") = 00 1 .| € GL(4,Z/5Z) | n,a,b,c € Z/5Z

0 0 0 1

On the other hand, Chen, Yang and Yui find a congruence subgroup
['(5,5) of Sp(4,Z) of finite index, which contains I.

Theorem 0.4 ([CYY]). Let

1 * *x x
r5,5 =4 Xesp,z) |v=|2 L ** ds
( ) T € p(4, 7 — 0 0 1 0 mo
0 0 % 1
Then, I'(5,5) is a congruence subgroup of Sp(4,7Z) of finite index, which

contains I'.



Combining their result and the main theorem of the second part, we can
construct a smaller congruence subgroup I'(5,5) of Sp(4,Z) of finite index,
which contains I'. The difference between I'(5, 5) and T'(5, 5) is that although
I'(5,5) contains the principal congruence group I'(5) := Ker(Sp(4,Z) —
Sp(4,2/5Z)), T'(5,5) do not. I'(5,5) contains the principal congruence group
I'(25) instead of I'(5). However, this result is merely the fact that T'(5,5)
contains I'. Although f‘(5, 5) is of finite index in Sp(4,Z), I' itself may not
be so. After all, the index of I" in Sp(4,Z) is still unknown.



Part 1

Generic Torelli theorem for
one-parameter mirror families
to weighted hypersurfaces

1 Fundamentals of Hodge theory

In this section, we recall basic facts of Hodge theory after [G], [KU].

Let w € Z, and let (h??), ez be a family of non-negative integers such
that h?? = 0 unless p + ¢ = w, h?9 # 0 for only finitely many (p,q), and
such that h?? = h?P for all p, q.

Definition 1.1. A Hodge structure of weight w and of Hodge type (h*9), 4ez
is a pair (Hz, F) consisting of a free Z-module Hyz of finite rank and of a
decreasing filtration F' on H¢ := C ®z Hz , which satisfies the following
conditions.

(1) dimg (F?/FPHY = i (p4 g = w).
(2) He = @ (F"n F9).

Definition 1.2. A polarized Hodge structure of weight w and of Hodge type
(hP9), 4ez 1s a triple (Hy, (, ), F') consisting of a Hodge structure (Hyz, F') of
weight w and of a non-degenerate Q-bilinear form (, ) on Hyp = Q ®z Hy,
symmetric for even w and skew-symmetric for odd w, which satisfies the
following two conditions.

(3) (FP.F?) =0 (p+q>w).
(4) The Hermitian form
H(C X H(C - (Cv (a:ay) — <CF(I)7g>7

is positive definite.



Here ( , ) is regarded as the natural extension to C-bilinear form, ~is the
complex conjugation with respect to Hyz, and Cr is the Weil operator which
is a C-linear map and defined by Cr(z) := 92 for x € FP N F? with
p+ ¢ = w. The condition (3) (resp. (4)) is called the Riemann-Hodge first
(resp. second) bilinear relation.

Let w and (h?7), ez be as before. We fix a 4-tuple ®y = (w, (h*9), 4ez, Ho,
(', )o), where Hy is a free Z-module of rank ¥, A9, and ( , )¢ is a non-
degenerate bilinear form on Hy g := Q®z Hy, which is symmetric if w is even
and skew-symmetric if w is odd.

Definition 1.3. The classifying space D of type @ is the set of all decreasing
filtrations F on Hyc := C ®z Hy such that the triple (Ho,( , )o, F) is a
polarized Hodge structure of weight w and of Hodge type (h??),,cz. The
compact dual D of D is defined to be the set of all decreasing filtrations on
H¢ which satisfies the above conditions (1) and (3).

Example 1.1. We consider the case that w = 3, h3? = k2! = p12 = p03 =1
and h?? = 0 otherwise. Let Hy be a free Z-module with basis (e;)1<j<4 and
define a Z-bilinear form ( , ) : Hy X Hy — 7Z by

00 -1 0
00 0 -1
J = (<€z‘,€j>0>1§z’,j§4: 100 0
01 0 0

Define the decreasing filtration Fy = {F§ }pez on Hoc by

Fy = {0},

F = (the C-subspace of Hyc spanned by —ie; + e4),

F? = (the C-subspace of Hy ¢ spanned by ie; + e3 and — ies + ey),
Fy = (Fp),

F) = Hyc .

Then we have Fy € D C D. )
Now, Aut(Hoc, (, )o) = Sp(4, C) acts freely on D, and Aut(Hog, (, )o) =
Sp(4,R) acts freely on D. So, if we take

P={g€Sp4C)| gk, =Fy}, B=PnNSp4,R),
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then we have the following expressions of D and D as homogeneous spaces:

Sp(4,C>/P2D, gP'_)gF07
Sp(4,R)/B~ D , gB+w gFy .

From a simple calculation, we have

cos 0, 0 sin 6, 0
- 0 cos 0 sin 0, -
B = —Siné’l 0 COS@l 0 61,92 eR _U(l) X U(l)
0 —sin 6y 0 cos 0

Their Lie algebras are described as follows:

gc := Lie(Sp(4,C)) = {X € M(4,C) | Trace X =0, ‘X J + JX = 0},
or := Lie(Sp(4,R)) = {X € M(4,R) | Trace X =0, ‘XJ + JX = 0},

( a b c b
. _ d e i f
p := Lie(P) = < 9 — ¢ id —a —d a,b,c,d,e, feC},
\ id 2ie—f —b —e
(/0 0 a O
. 0 0 0 b
b:= Lie(B) = 4 0 00 a,beR .,
0 —-b 0 0

Lie(Sp(4,C)/P) = gc/p, Lie(Sp(4,R)/P) = gr/b.
The dimension of them are listed as follows:

dim¢ gc = 10, dimg gg = 10, dimcp = 6, dimg b = 2,

Here the natural homomorphism gg /b — g¢/p is injective. Since dimg(gc/p)
= dimg(gr/b), gr/b — gc/p is bijective. Thus, it follows from the above
descriptions that D is a complex manifold, whose dimension over C is 4, and
D is an open submanifold of D.

On the other hand, by the Riemann-Hodge first bilinear relation, D is a
closed subspace of the flag manifold

{F : decreasing filtration on Hy ¢

dime(FP/Fry =1 if 0<p < 3,
dimg(FP/FPT) =0 otherwise ’

8



which is a compact complex manifold. Therefore, D is also a compact com-
plex manifold.

Definition 1.4. Let X be a complex manifold. A wvariation of Hodge struc-
ture on X of weight w is a pair (Hz, F') consisting of a locally constant sheaf
Hy of free Z-modules of finite rank on X and of a decreasing filtration F'
of Ho := Ox ®z Hz by Ox-submodules which satisfy the following three
conditions.

(1) FP = Hp for p < 0, F? = 0 for p > 0, and F?/FP*! is a locally free
Ox-module for any p.

(2) For any = € X, the fiber (Hz,, F'(z)) is a Hodge structure of weight w.
(3) (d® 1m,)(FP) C Q% ®p, FP~! for all p.

A polarization of variation Hodge structure (Hyz, F') of weight w on X is a
bilinear form (, ) : Hyx Hg — @, which yields for each # € X a polarization
(, )z on the fibre (Hz,, F'(z)). In this case, the triple (Hz, (, ), F) is called
a variation of polarized Hodge structure.

Let f : X — S be a proper smooth family with projective or Kéahler
fibers of dimension n. For each s € S, we use the notation X, := f~1(s).
The direct image Hy := R" f.Z is a locally constant sheaf of free Z-modules
of finite rank on S. For each s € S, if we take a sufficient small open
neighborhood U of s, an isomorphism Hz|y ~ H"(X;,Z) is given by a C™
trivialization f~'(U) ~ X, x U. On the H"(X,C), we have the Hodge
decomposition

H"(X,,C) = €D H"(X,)

p+q=n

with HP9(X,) ~ H9(X,, Q% ). Let
FPH"(X,,C) := @ Y nv (X.),
p'>p
and let Hp := Og ®z Hz. We then have the following theorem.

Theorem 1.1 ([G]). Assigning FPH™(X;) C H"(X5,C) = Hop(s) for all s
in S defines a holomorphic subbundle FPHo C Hp.

In addition, we have the following theorem.



Theorem 1.2 ([G]). The Gauss-Manin connection V = d ® 1y, satisfies
the following transversality condition:

VFPHp C Q5 ®0 FP ' Hp.

Thus the above pair (Hz, F') becomes a variation of Hodge structure on .S of
weight n. In the case that the fibers of f are Calabi-Yau threefolds, i.e.

X, : compact Kihler threefold, Ky, = Ox,, h*°(X,) = h'?(X,) =0(s € 9),

a polarization ( , ) of (Hz, F') is defined by the cup product

<7 >S:H3(XS7Z) XH3(XS7Z) _>Z7 (677])'_) 5/\7] (SES)a

Xs

where &, n are regarded as elements of the image of
H3(X,,Z) — H*(X,,C) = Hpp(X,) @ C.

Hence (Hz, (, ), F) becomes a variation of polarized Hodge structure.

Finally, we recall that a holomorphic map arises from a variation of po-
larized Hodge structure.

Let (Hz,{ , ),F) be a variation of polarized Hodge structure on S of
weight w. Fix a base point 0 € S. Then the representation m(5,0) —
Aut(Hzyp, (. )o) arise from the locally constant sheaf Hz. The image of this
representation is called the global monodromy, and we denote it by I'. Let
(hP?), ez be the Hodge type of the polarized Hodge structure on 0 € S,
D¢ = (w, (h*9)p4ez, Hz0, (, )o), and let D be the classifying space of type
®(. Then we can define the holomorphic map

¢: S —T\D, s+— F(s) mod I

Here F(s) (s € S) are regarded as filtrations on Hc o by isomorphisms Hg ; >~
Hcy (s € S) arising from local trivializations of Hz. The above holomorphic
map is called the period map.

Global Torelli problem asks injectivity of the period map, and generic
Torelli problem asks injectivity of the period map on a Zariski open set in
the case that S is an algebraic variety.

10



2 Our objects

In this section, we recall the construction of our objects, for which we will
consider generic Torelli problem, after [M1].

We consider four types one-parameter families of Calabi-Yau hypersur-
faces in complex weighted projective four-space. For ¢ € P!, they are

Qy = {2} + 23 + 23 + 2] + 23 — Sz waxsrsws =0} C pLLLLY.

Q2 = {228 + 2§ + 2§ + 2§ + 2§ — 6va 2232475 = 0} C PELLLY,

Q3 = {4a + 2§ + 25 + 2} + 28 — Sy wpwzwyws = 0} C PULLLY,

Qy = {paf + 225 + 3’ + i + 23 — 100w womyza25 = 0 C POALLY,
The weights of the above list are characterized by the following proposition.

Proposition 2.1 ([CLS], [I]). Let ky > --- > ks are positive integers,
PEks) be well formed, i.e.

ged(ky, - - i ks) =1 for each i,

and let X be a hypersurface defined by a polynomial of degree ky + - - - + ks.
If X is nonsingular, then (ky,--- ,ks) is either of the following types:

(1,1,1,1,1), (2,1,1,1,1), (4,1,1,1,1), (5,2,1,1,1).

Hodge numbers of the above hypersurfaces, which are nonsingular, are
listed as follows:

101 =1,

. ) . 103 =2

h3,0 Ty hl,l Ty 1(i = 1’ 27374 7 h2,1 i) — )

(Qy) (Qy) (4 ) (Q¢) 149 =3,
145 ¢ =

We shall construct Calabi-Yau threefolds Wj}, whose Hodge numbers are
A WY) = 2N (QY), W (W) = hV(QY), by taking quotients of Q by
finite abelian groups and desingularizing the quotients.

11



Let ux be the group of k-th root of 1 € C. Finite abelian groups G* (i =
1,2,3, 4) are defined as follows:

={(a1,-,a5) € (5)° | 1 -+~ 5 = 1}/ pus,
= {(on, -+, a5) € pg X (pe)* | @y -+ a5 = 1}/ pue,
( )

)

—

= {(ar,-+,a5) € pz x (ug)* [ o+~ a5 = 1}/ g,
G = {(a1,--+ ,a5) € p2 X 15 X (p10)” | @1 -+~ a5 = 1} /o,

where we embed ju5, fi6, fis, f10 10 (5)°, g X (p6)*, 2 X (ps)*, iz X 5 X (p10)?
respectively by

(,a,a,0,)  ifd =1,

(@ a,a,a,)  ifi =2,

o —

(o' a,a, ) ifdi = 3,
(a® a? a,a, ) ifi=4.
G' (i = 1,2,3,4) are abstractly isomorphic to (u5)3, us x (ue)?, (ug)®, (p10)?
as groups.

When we divide these hypersurfaces Qfﬂ by G, quotient singularities ap-
pear. For ¢p € C C P!, it is known that there are simultaneous desingulariza-
tions of these singularities, and we have four families (W) yepr (1 = 1,2,3,4)
of the mirrors to the above hypersurfaces in each case.

Let
s if 1 =1,
pe if 1 =2,
Vi = o
pus if i =3,
H10 if 1 =4.

(W) pep: is parametrized by 1. The singular fibers of (W} )yepr are as follows:
e When 1) belongs to v; C C C P!, Wfb has one ordinary double point.
e W' is a normal crossing divisor in the total space.

The other fibers of (W}))yepr are smooth with Hodge numbers
RO = RE(WE) = 1, BI(WE) = B21(Q)) (1= 1,2,3,4).
By the action of

Q€ Vi, (3717“' 7$5) = (371,"' ,QZ’4,OZ_1ZL'5),

12



we have the isomorphism from the fiber over ¢ to the fiber over ai). Let A
be

o if i =1,
Wi =2,
W8 if i =3,
PO if i =4,
and let
(Wi)AePl D ((W@z)zbeﬁﬂ)/’/i
(A-plane) == (¢-plane)/v;.

These families are our objects, for which we will give the proof of a generic
Torelli theorem later. (W3),cp: is the so-called quintic-mirror family. (For
more details of the above families, see e.g. [M1], [M2].)

Now, we shall summarize our situation and notation.

Let (Wy)aepr — P! be one of the families (Wj)yepr — P! (i = 1,2,3,4).
The restriction (Wi)xepi—{o,1,00p — P' — {0,1,00} is a smooth projective
family of Calabi-Yau threefolds. Therefore, we have the variation of polarized
Hodge structure (Hz,{ , ), F) on P! —{0,1,00} of weight 3 associated to
this family as we have seen its construction in §1. From this polarized Hodge
structure, we also have the period map ¢g : P! — {0,1,00} — I'\D. The
main theme of the first part is about the injectivity of this period map ¢y :
P! —{0,1,00} — I'\D.

We use the following notation frequently after this section.

Notation 2.1.
(Wy)aept — P! one of the families (W3)yepr — P! (i = 1,2,3,4),

(Hz,{, ), F): the variation of polarized Hodge structure on P! — {0, 1, 0o}
of weight 3 associated to the family (Wy)xepr—f0,1,00y — P' — {0, 1, 00},

be P! —{0,1,00}: the base point,
Hy := Hz, = H3(W,,Z) the free Z-module of rank 4,

13



the Hodge type of (Hzy, F'(b)),

ppa . )1 PHa=3pq20,
' 0 otherwise,

(, Y :={(, )  the non-degenerate skew-symmetric bilinear form on
H3(W,, Z) defined by the cup product,

D = ( the classifying space of type (3, (h??), 4ez. Ho, (, )o) ),
[ :=Im(m (P! — {0,1,00}) — Aut(Hy, (, )o)) the global monodromy,
A, T, T, € T': the local monodromies around A = 0, 1, oo,

@0 : P'—{0,1,00} — T'\D the period map arising from the above (Hz, (, ), F).

14



3 Local monodromies of our objects

In the previous section, we saw the construction of our objects (W})ept
(1t = 1,2,3,4). In this section, we review the local monodromies of our
four families, which are important to study behaviors of the period maps
on neighborhoods of boundary points. For the quintic-mirror family, Cande-
las, de la Ossa, Green and Parks gave the matrix presentations of the local
monodromies for the symplectic basis in [COGP]. For the other 3 families,
Klemm and Theisen gave it in [KT]. We recall their results.

We use Notation 2.1. Then, there exists a symplectic basis ey, eq, €3, €4
of Hy = H3(W,,Z) and the matrix presentations of the local monodromies
A, T, T, around A = 0,1, 0o for this basis are listed as follows:

In all the cases,

1 000
0101
[T(e1), T(e2),T(e3), T(es) | = [e1,€2,€3,€4 ] 00 1 0
00 01
In the case of 1 = 1,
-9 -3 5 3

0 1 0 -1
[ A(el)a A<€2)7 A(63)7 A(64> ] — [ €1,€2,€3,€4 ] _20 _5 11 5 )

—-15 5 8 —4
11 8 -5 0
0 1 0 0
[ Tooer), Too(e2), Too(e3), Toolea) | = [enseases,ea ] | o 15 g g
5 =5 -3 1
In the case of 1 = 2,
1 -1 0 1
0 1 0 -1
[ A(@l), A(62)7 A(€3)7 A(64) ] — [ €1,€2,€3, €64 ] _3 _3 1 3 )
-6 4 1 -3
1 1 0 0
0 1 0 O
[ Too(e1), Too(e2), Too(e3), Too(ea) | = [ €1, €2, €3, €4 | 3 6 1 0
3 -4 -1 1



In the case of 1 = 3,

1 -1 0 1
0O 1 0 -1
[A(€1)7A(62)7A(€3)7A(64>]:[61’62763764] -2 =21 2 ’
-4 4 1 -3
1 1 0 0
0O 1 0 0
[Tooler), Toole2), Tooles), Toolea) | = [evezvesiea) | oy |
2 —4 -1 1
In the case of i = 4,
1 01 0
01 0 -1
[ Aler), Alea), Ales), Alea) ] = [evenesea] | | 1 |+
1 3 1 =2
1 1 -1 0
0O 1 0 0
[Too(el)>Too(€2)>TOO(€3)7TOO(€4) ] - [61762763’64] 0 -1 I 0
-1 -3 0 1

The above matrix presentations of A and 7T are the matrices A and T
in the lists of [COGP], [KT] respectively, and the 5,6,8,10-th power of the
matrix presentation of Ty, are listed in [COGP], [KT] for each case.
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4 Nilpotent orbits and extended classifying
spaces as sets

Later, we consider the extended period maps of our objects. So we need
to recall ambient spaces of the images of extended period maps. In this
section, we recall the definition of nilpotent orbits and extended classifying
spaces after [KU].

Let Hy be a free Z-module of finite rank, ( , )o be a non-degenerate
bilinear form on Q ®z Hy, which is symmetric or skew-symmetric,

GZ = Aut(H07< ’ >0)?
and for R = Q,R,C, let

Hyr := R®gz Hy,
Gr:=Aut(Hog, (, )o),
gr = Lie(GR)
={N € Endgr(HoR) | (Nz,y)o+ (z,Ny)o =0 for all x,y € Hyp}.

Definition 4.1 ([KU, 1.3.1]). A subset ¢ of gg is said to be a nilpotent cone,
if the following conditions are satisfied.
(1) 0 = R5gNy + - - - + R5¢N,, for some n > 1 and for some Ny,---, N, € 0.
(2) Any element of ¢ is nilpotent as an endomorphism of Hg.
(3) [N, N'] =0 for any N, N' € o as endomorphisms of Hg,
where [N,N'] ;== NN — N'N.

A nilpotent cone is said rational, if we can take Ny,--- | N, € gg in 4.1

(1).
For a nilpotent cone o, a face of ¢ is a non-empty subset 7 of ¢ which
satisfies the following two conditions.

(1) If z,y € 7 and a € Rs, then x +y, ax € 7.
(2)Ifz,y € 0 and . +y € 7, then z,y € 7.

Definition 4.2 ([KU, 1.3.3]). A fan in gg is a non-empty set 3 of rational
nilpotent cones in g satisfying the following three conditions:

(1) If 0 € X, any face of o belongs to 3.
(2)If 0,0 €%, 0N0 is a face of o and of o'
(3) Any o € ¥ is sharp. That is, c N (—0) = {0}.

17



Example 4.1. We use Notation 2.1. Let Ny :=logT, Ny = logT € go.
It follows from the list of §3 that

N1 #0, (Nl)2 =0,
(Noo)F #0(k=1,2,3), (Noo)* =0.
Define
o1 1= RNy, 05 := RNy,
=:={Ad(g9)o | 0 ={0},01,00, g €T},
where Ad(g)o := gog™'. Then Z is a fan in gg.

Let o be a nilpotent cone in gg. For R = R,C, we denote by og the
R-linear span of o C gg.

Definition 4.3 ([KU, 1.3.7]). Let 0 = Z1<;<,(R>0)N; be a rational nilpotent
cone. A subset Z of D is said to be a o-nilpotent orbit if there is F' € D
which satisfies Z = exp(oc)F and satisfies the following two conditions.

(1) NJFPCFPt(1<j<r peZ).
(2) exp(D_1<j, 2N F € D if z; € C and Im(z;) > 0.

The conditions (1) and (2) are called Griffiths transversality and positivity,
respectively.

We say that the pair (o, F), consisting of a rational nilpotent cone o C gr

and of F' € D, generates a nilpotent orbit if Z = exp(o¢)F is a o-nilpotent
orbit.

Definition 4.4 ([KU, 1.3.8]). Let ¥ be a fan in gg. As a set, we define Dy,
by
Dy :={(0,2)| 0 € %,Z C D is a o-nilpotent orbit}.

Note that we have the inclusion map
D — Ds, F— ({0}, {F}).
For a rational sharp nilpotent cone o in gg, we denote
Dy := Ditace of o}

Then, for a fan ¥ in gg, we have

Dy, = UDU.

D>
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Example 4.2. We use Notation 2.1 and Example 4.1. We consider the case
of i = 2.
Let ey, es, €3, €4 be the symplectic basis of Hy in §3, w € C and let

7
v (w) = ey — 2163 + wey,
9 7
Vg 1= No(v1(w)) = €1 + 563 — 164,

v3 := (Nao)?(v1(w)) = 3es.
We define F(w) € D as follows:

F4

(w) == {0},
F?(w) := (the C-subspace of Hyc spanned by v;(w)),
F?(w) := (the C-subspace of Hy ¢ spanned by v;(w) and vy),
FY(w) := (F*(w))* = (the C-subspace of Hy ¢ spanned by v;(w), v, and vs),
F(w) := Hyc

Then (0o, exp(CNy ) F(w)) is a nilpotent orbit. We shall check it. By the
definition of F'(w), we have

Ny FP(w) C FP~Yw) for all p € Z.
Hence Griffiths transversality holds. We check the positivity, that is,
exp(1yNoo)F(w) € D for y > 0.

For z € C, we have

3 9 7 1 7
exp(2Nuo)(v1(w)) = zeg + €3 + (—z +-z— —) es + (—523 ~1* + w) eq,

9 3 7
exp(ZNoo)(U2) =e;+ (32 + 5) es + (——2’2 - —) eq,
exp(zNoo)(v3) = 3e3 — 3zey.

Now,

exp(iyNoo) F* (w) () exp(iyNoo) FO(w)
= (the C-subspace of Hj ¢ spanned by exp(iyNy)(vi(w))),
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exp(iyNoo ) F?(w) ﬂ exp(1yNoo ) F'1(w)

= (the C-subspace of Hj ¢ spanned by u(w)),

—wtw 22,
6y? 3

where u(w) := exp(iyNyo ) (v1(w)) + < y> exp(iyNuo ) (va).

From a simple calculation, we obtain

(" expliyNoo) (11 () expliy N (wr (w)) ) = 9 = iw —10) > 0.
0
— 4 ' 1
<iu(w),u(w)>0 = gy?’ + %(w —w) + 6_y3(w —w)? >0 for y>0.
Hence the positivity holds. Thus we see that (0u,exp(CNy)F(w)) is a
nilpotent orbit.
From the above calculation, we also see that the map

C— D, — D, w— (000,exp(CNy ) F(w))

is injective. We show that this map is surjective. Let (0, Z) € D, — D
and F' € Z. We take the basis

v:=01(0), Nu(v), (Neo)?(v), (Noo)*(v)
of Hyc and express a base u of F*® by
u = agv + a1 Noo (V) + a2(Nwo)*(v) + a3(Nw)*(v), ag, a1, as,a3 € C

It follows from F € D and Griffiths transversality that

0 = (u, Noo(u))o = 6agas — 3(a;)>.
If ag = 0, then a; = 0 and

exp(iyNoo ) (v) = 3aszes + (—3iyas — 3az)ey.

Then we have

<i3 exp(1yNoo) (1), exp(inoo)(u)>0 =0.

This contradicts the positivity. Therefore, ag # 0. So we assume that ag = 1.
Then we have

4= Noo(v) 4 5 (@) AN 2(0) + a5(No)*(0).
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From Griffiths transversality and the fact that u, Noo (1), (Noo)? (1), (Noo)? (1)
are linearly independent,

F377 = (the C-subspace of Hy ¢ spanned by wu, - - - ,(Noo)j(u)) (7=0,1,2,3).

Moreover, we have

exp(—a1Noo) (Noo (1)) = v,
exp(—a1Nuo)((Nso)?(u)) = vs.

Hence we obtain

1
exp(—aNoo)F' = F 5(%)3 - 3a3) ,

1
Z = exp(CNy)F §(a1)3 - 3(13) .

Thus, we have the bijection
C~D,_ —D.
By [KU, 12.3], it is also known that
{(w,z) € C*| Im(z) <0} ~ D,, — D.
For the other cases, there are similar descriptions of D, — D and D,, — D.

Definition 4.5 ([KU, 1.3.10]). Let ¥ be a fan in gg and let I' be a subgroup
of Gz.

(i) We say I" is compatible with ¥ if the following condition (1) is satisfied.

(1) If vy € T and o € X, then Ad(y)(0) € 3. Here, Ad(v)(0) := yoy~!. Note
that, if ' is compatible with ¥, I" acts on Dy by

7:(0,2) = (Ad(7)(0),7Z) (v € T).

(ii) We say I is strongly compatible with X if it is compatible with ¥ and the
following condition (2) is also satisfied. For o € X, define

(o) :==T Nexp(o).

(2) The cone o is generated by logI'(0), that is, any element of ¢ can be
written as a sum of clog(vy) (c € Rxg, v € I'(0)).
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Example 4.3. We use Notation 2.1 and Example 4.1. Then the global
monodromy I' is obviously compatible with = from the construction of =.
For o € =, we can express o by

Rxo(9Ng™'), N =0,N1, Ny, g€ T.
From this expression of o, we have

{0} in the case of N =0,
I'(0) =< {gT"g" ' | n € N} in the case of N = Ny,
{9(T.)"g™' | n € N} in the case of N = N,
where we denote the monoid of non-negative integers by N. Hence I' is
strongly compatible with =.
Thus we have the extended classifying space Dz and the quotient I'\ Dz
by the global monodromy. By Example 4.2, we have the bijections
(F(00e)*"\ Do) — (I'(000)**\D) ~ C,
(T(01)8*\D,,) — (['(01)%*\D) ~ {(w, 2) € C* | Im(z) < 0}.

Finally, we shall summarize the notation under the situation arising from
our objects.

Notation 4.1. We prepare the following notation under Notation 2.1.
e1, €2, e3, ey : the symplectic basis of Hy in §3,

Ny :=logT, No :=logT € gg  the logarithms of local monodromies
around A = 1,00 of our object (Wy)yepr — P!,

01 :=R50Ny, 05 :=R59N,  the rational nilpotent cones,

=:={Ad(g9)o | 0 ={0},01,00,9 €'}  the fan in gg,

D=: the extended classifying space defined by =,

D, (0 € E): the extended classifying space defined by the fan {{0}, 0},

['\ D=: the quotient of Dz by the action of the global monodromy,
['(0)8P\D, (0 € Z): the quotient of D, by the action of the local monodromy.
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5 Logarithmic structures

In the previous section, we saw the construction of the extended classify-
ing space Dz and the quotient I'\ D= by the global monodromy. We endow
'\ D= with a logarithmic ringed space later. So we shall recall logarithmic
structures after [KU].

Definition 5.1 ([KU, 2.1.1]). Let X be a ringed space with structure sheaf
Ox. A pre-logarithmic structure on X is a sheaf of monoids M together with
a homomorphism « : M — Ox, where Oy is regarded as a sheaf of monoids
by multiplication.

A logarithmic structure on X is a pre-logarithmic structure (M, ) on X

which satisfies
a 1 O%) ~ 0% via a.

A ringed space endowed with a logarithmic structure is called a logarith-
mic ringed space.

Example 5.1 ([KU, 2.1.2]). Let X be a complex manifold and let Y be a
divisor on X with normal crossings, and let

M :={f € Ox | f is invertible outside Y} C Ox.

Then, M with the inclusion map « : M — Oy is a logarithmic structure,
and is called the logarithmic structure on X associated to Y.

Definition 5.2 ([KU, 2.1.1]). Let (M, «) be a pre-logarithmic structure on
X. The associated logarithmic structure (M, @) is defined as the push-out
M of
a l(0}) —— M
Ox
in the category of sheaves of monoids on X, together with the homomorphism
a: M — Ox igduced by a : M — Ox and the inclusion Oy — Ox.

More explicitly, M is the sheafification of the presheaf (M x O%)/ ~, where
(m, f) ~ (m/, f') if and only if there exists gi,go € o '(O%) such that

mg; = m'gy and fa(ge) = f'a(g).
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A morphism (X, M) — (Y, N) of pre-logarithmic ringed spaces is de-
fined to be a pair (f,h) of a morphism of ringed spaces f : X — Y and a
homomorphism % : f~'(N) — M such that the diagram

SN == M

l l

fHOy) — Ox

is commutative. A morphism of logarithmic ringed spaces is defined as a
morphism of pre-logarithmic ringed spaces.

Example 5.2. Let X := C and let Y := C x Z, where Z is a complex
manifold. We endow X with the logarithmic structure My associated to the
divisor {z € X | x = 0} and endow Y with the logarithmic structure My
associated to the divisor {0} x Z = {(y,z) € Y | y = 0}. Then we have

MX = U O;;SC”, My = U O;yn

neN neN

Let ¢ : X — Z be a holomorphic map. Define the holomorphic map
f:X =Y, z (x,9(x)). Then the homomorphism h : f~!'(My) — Mx is
induced as follows:

S My) 3 gy — (9o f) - (y" o f) = (go fla" € Mx.

This (f, h) obviously satisfies the above commutative diagram. Hence (f, h)
is a morphism of logarithmic ringed spaces.

Definition 5.3 (KU, 2.1.3]). Let f : (X,0x) — (Y,Oy) be a morphism
of ringed spaces and (M, «) be a logarithmic structure on Y. Then the
sheaf-theoretic inverse image f~'M together with the composite morphism
fIM — f7'Oy — Ox form a pre-logarithmic structure on X. The in-
verse image f*(M,«a) of (M, «) is defined as the logarithmic structure on X
associated to the above pre-logarithmic structure.

Definition 5.4 ([KU, 2.1.4]). An fs monoid is a commutative monoid S
having the following three properties:
(1) S is finitely generated.

(2) If a,b,c € S and ab = ac, then b = c.
(Hence S is embedded in the group S® = {{ | a,b € S}.)
(3) If a € S8 and a™ € S for some integer n > 1, then a € S.
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Definition 5.5 ([KU, 2.1.5]). A logarithmic structure (M, «) on a ringed
space X is fs if there exist an open covering (Uy), of X and a family of
pairs (S, 0,), consisting of an fs monoid Sy, regarded as a constant sheaf
on Uy, and of a homomorphism 60y : Sy, — M|y, of sheaves of monoids
which induces an isomorphism S N~ M|y, . Here S \ denotes the logarithmic
structure associated to the pre-logarithmic structure Sy — M|y, — Op,. In
this case, (Sy,0,) is called a chart of M|y, .

A ringed space endowed with an fs logarithmic structure is called an fs
logarithmic ringed space. In particular, an analytic space endowed with an
fs logarithmic structure is called an fs logarithmic analytic space. By an fs
logarithmic point, we mean an fs logarithmic analytic space whose underling
ringed space over C is Spec(C).

Definition 5.6 ([KU, 2.1.11]). An fs logarithmic analytic space X is said
to be logarithmically smooth if there are an open covering(U,), of X and
an fs monoid S, for each A\ such that each U, is isomorphic to an open
subset of Z) := Spec(C[S)])an endowed with the restrictions of Oz, and Mz, .
Here Spec(C[S)])an denotes the analytic space associated to Spec(C|[S,]), and
My, denotes the canonical fs logarithmic structure associated to the pre-
logarithmic structure Sy — C[S,] C Og,.

Example 5.3. Let Z = C? and let M be the logarithmic structure associ-
ated to the divisor {0} x C. Then Z is a logarithmically smooth fs analytic
space. This is obvious, but we shall check it. Let

S = {a™y" € Clz,y] | m,n € N} ~ N?,
7' = $pec(C[S])un = C,

and let Mz be the canonical fs logarithmic structure associated to the pre-
logarithmic structure S < Oz. Then we have

My = U Oza™y".

m,neN

On the other hand, we have

meN
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Hence, an open neighborhood of (z1, 25) € Z such that 2z, # 0 is isomorphic
to an open neighborhood of (z1, 25) € Z’ as a logarithmic ringed space, and
an open neighborhood of (z1,0) € Z is isomorphic to an open neighborhood
of (z1,€) € Z' as a logarithmic ringed space, where € # 0. Thus we see that
Z is logarithmic smooth.

Z=C’ Z'=C?

@,
Py / (0)

A 00 (0,0

i
/ (21,22) / / (21,22)

Let z = (21, 22) € Z. Define the structure sheaf on z and the logarithmic
structure on z by

NN

Oz = OZ,Z/ (OZ,Z('I - Zl) + OZ,z(y - 22)) = C’
Mz = L*(Mz),

where ¢ : z — Z is the inclusion map. Then we have

C* if z; #0,
M, = U Cxa™ if 2z, =0.
neN

Thus, z is an fs logarithmic ringed space.

Definition 5.7 ([KU, 2.1.7]). For an analytic space X, let Q% := A*(Z/Z?)
be the sheaf of Kahler differentials on X, where 7 is the sheaf of ideals of

Ox«x defining the image of the diagonal morphism A : X — X x X. For
I € Ox, the class of pri(f) — pri(f) in Q% is denoted by df.
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Let X be an fs logarithmic analytic space. The sheaf of logarithmic dif-
ferential 1-form on X is defined by

wy = (U ® (Ox @z MF))/Nx,
where Ny is the Ox-submodule generated by

{(=da(f),a(f) @ [) | | € Mx}.
For f € M, the image of (0,1 ® f) in wY is denoted by dlog(f).

Example 5.4 ([KU, 2.1.8]). In the standard example 5.1, w) is nothing but
the sheaf Q4 (log(Y)) of differential forms with logarithmic poles along Y.

Definition 5.8 ([KU, 3.1.1]). Let X be an analytic space and S be a subset
of X. The strong topology of S in X is defined as follows: A subset U of
S is open if, for any analytic space Y and for any morphism A : Y — X of
analytic spaces such that A\(Y) € S, A™1(U) is open in Y.

Definition 5.9 ([KU, 3.5.7]). By a logarithmic manifold, we mean a log-
arithmic local ringed space over C which has an open covering (Uy), with
the following property: For each A, there exist a logarithmically smooth fs
analytic space Z, a finite subset Iy of F(ZA,w%A), and an isomorphism of
logarithmic local ringed spaces over C between U, and an open set of

Sy :={z € Z, | the image of I in w! is zero},

where S) is endowed with the strong topology in Z) and with the inverse
images Oy, and My, .

Example 5.5. We use the notation in Example 5.3. From the descriptions
of My and M., we have

Ny =0z{(=df, fo f)| f€ O3} + Oz(—dz,z ® x),
wy = (0, ® (07 ©2 05 +0z(1®x))) /Ny

~ (Q,80;(1®1)) /Oz(—dz,z ® x)

~ 00,1 ®z)+ Oz(dy,0)

~ Ozdlog(z) ® Ozdy,
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and

(0. ® M) /(0, ® OF)
(C®C*)/(C®CX) if 21 #0,
(CRC*+C(1®1))/(CRTCY) if # =0,

B
{o it 2 #£0,
{

12

C(l®x) if 21 =0,

if 21 7’é 0
Cdlog(xz) if z =0.

l

Let n := ydlog(x) € I'(Z,wz) and let
U := {z € Z | the image of ydlog(x) in w! is zero}.

Then we have

U= (C*— ({0} x C)) U{(0,0)}.

7

Endow U with the strong topology and the inverse images O and M. Then
U becomes a logarithmic manifold.
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6 Geometric structure of '\ D= and extended
period map

We use Notation 2.1 and Notation 4.1. In §4, we saw the construction
of the extended classifying space D= and the quotient ['\ D=z by the global
monodromy. In this section, we endow I'\ Dz with a geometric structure of
a logarithmic manifold after [KU].

Let {0} # o € E. Then it follows from Example 4.3 that I'(c) ~ N as a
monoid. So, let v be its generator and let N = log(y). Define

log(g) :
B = (q,F)E(CXD exp 2mN FebD if g #0, 7

exp(CN)F : o-nilpotent orbit if ¢ =0
and the map

po: E; — T(0)8P\D,,

1
D (%(;’)N) F mod T(0)® if ¢ #0,

(0,exp(CN)F) mod I'(o)P if ¢ =0.

(¢, F) —

Here I'(0)®P is the subgroup of I' generated by I'(o). This group is the local
monodromy group , which is isomorphic to Z as a group. In fact, by Example
4.3, we have

F(O’)gp: {nggil | TLEZ} ifU:Ad(g>017 ger?
{9(Tw)"g7 ' neZ} ifo=Ad(g)ow, gel.

First we shall endow I'\ Dz with a topology. Endow E, with the strong
topology of E, in C x D. By p, : E, — I'(0)#*\ D,, the quotient topology is
introduced on I'(0)8”\ D,. We then endow I'\ D= with the strongest topology
for which the natural maps p!, : I'(0)®?\D, — '\ Dz are continuous for all
o € Z. Then [KU, Theorem A, (v)] asserts

['\Dz and I'(0)*P\ D, (0 € E) are Hausdorff.

Next we shall endow I'\ Dz with a structure of a logarithmic ringed space.
Let M, p be the logarithmic structure on C x D associated to the divisor
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{0} x D. By the inclusion map E, < C x D, the structure sheaf Op, =
1 O¢y p and the logarithmic structure Mg, := t*Mg, p are introduced on
E,. Let m, := pl op, : E, — I'\D=. Then the structure of logarithmic
ringed space on I'\ Dz is defined as follows: For any open set U of I'\ Dz,
define

Orp=(U) :={map f: U - C | fom, € Op,(n, (U)) forany c € 2},

Mr\p<(U) :={map f: U —C| for, € Mg, (r, (U)) for any o € Z}.

The structure sheaf Or(,)er\p, and the logarithmic structure Mp(g)er\p, are
introduced on I'(0)8\ D, similarly. By [KU, theorem A],

E, and I'(0)®?\D,, (0 € E) are logarithmic manifolds.

If T" is neat, i.e. for each v € I', the subgroup C* generated by all the
eigenvalues of v is torsion free, then I'\ Dz is also a logarithmic manifold and
pl : T'(0)?P\D, — I'\D=z (¢ € E) are locally isomorphisms of logarithmic
ringed spaces. In the present case, the global monodromy group I' is not
neat. In fact, the order of A ,which is the local monodromy around 0, is

if i=1,
if i=2,
8 if i=3,
10 if i =4.

However, if we take a sufficient small open neighborhood for each point on
(I'(0)8P\D,) — (I'(0)8P\ D), then the restriction of p : I'(¢)8?\D, — '\ D=
to the open neighborhood is an isomorphism of logarithmic ringed spaces.

Next, we recall the extended period map in the present case.

Endow P! with the logarithmic structure associated to the divisor {1, c0}.
Then, by [KU, 4.3.1, (i)], the period map ¢, : P! —{0,1,00} — T'\ D extends
to a morphism

@ Pl — F\DE

of logarithmic ringed spaces. We shall see this extension.

Let A be the unit disc, whose center is 0 € C, and h — A*, z — €2™* be
the universal covering, where A* denotes the punctured disk A — {0}. We
identify A with the unit disc, whose center is co € P!, and we also denote
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the restriction of the period map ¢g to A* by ¢ : A* — I'(04)8P\D. Let
Qo : b — D be a lifting of .

h 2 D
S
A~ Do)\ D

Define 3 )
Jih = D, 2 exp(—2Noo)o.

Then 1; drops down to the holomorphic map ) : A* — D.

b YD
-
A Y D

The nilpotent orbit theorem of Schmid in [Sc| asserts that

¥ extends to 1) : A — D as a holomorphic map,
(0o0, €Xp(CNy)10(0)) is a nilpotent orbit.

So, we define the map ¢/ : A — C x D, w — (w,¥(w)). Then, ¢ is a
morphism of logarithmic ringed spaces by Example 5.2. From what we have
just mentioned, the image of ¢ is contained in F,__, and

|

(0oos €Xp(CNy)) mod I'(o4)8P if w=0.

Hence we obtain the following commutative diagram of logarithmic mani-
folds.
A—" E,
U
A*

Pooo
$0

['(00)8P\ Dy,
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Thus we have the extended period map
©: A —=T'(00)\Dy,, — '\ Dz=.

For an open neighborhood of 1 € C C P!, we can also extend the period map
similarly.

We shall see the extension on a neighborhood of 0 € C C P!. We consider
the case of i = 1. For the other cases, the following argument works well.
Let A’ be the unit disc, whose center is 0 € C. We denote the cyclic group
of order 5, which is generated by the local monodromy A around A = 0, by
(A), and we also denote the restriction of the period map ¢y to (A’)* by
wo 1 (A")* — (A)\D. Then, we have the following commutative diagram.

@&y = D

7| |

(A)" === (A\D

Here (A')* — (A')*, ¢ +— 1® is the covering map, and @ is a lifting of
©o- Po is nothing but the restriction of the period map arising from the
family (Wy)ypepr — (¢-plane) to (A’)*. The restriction of this family to A’
is a smooth projective family. Therefore ¢y extends to a holomorphic map
@ : A’ — D naturally. Hence g also extends to a morphism

o: A — (A\D —T'\D

of analytic spaces.

Thus we have the extended period map ¢ : P! — T\D, which is a
morphism of logarithmic ringed spaces, and the images of boundary points
0,1,00 € P! are

¢(0) = (point mod I') € T\ D,
(1) = (oy-nilpotent orbit mod T'),
©(00) = (0-nilpotent orbit mod T').
Let
X :=T\Dz, P, :=1, Py :=00 P!,

and let
Ql = @(P1)7 Qoo = @(Poo) € X.
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Then, by the above correspondence, we have

90_1(Q>\) = {PA} for A =1, 00.
For the image of the extended period map, there is a very useful theorem.

Theorem 6.1 ([Ul]). Let h : Y — M be a morphism from an analytic
space Y to the underlying ringed space of a logarithmic manifold M. If Y is
compact, then the image Im(h) C M is a compact analytic subspace.

By this theorem, ¢(P') C X is an analytic curve.
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7 Generic Torelli theorem

We use the notation in the previous sections. In this section, we give the
proof of the generic Torelli theorem for (W;)yepr (i = 2,3,4). The proof for
(W) aep is already given by Usui in [U2], and the proofs for the other three
families are similar to that in [U2].

Theorem 7.1. For each i = 2, 3,4, the extended period map ¢ : P! — X in
86 is the normalization of analytic spaces over its image.

The argument by using the fs logarithmic points P, and (), at the bound-
aries for i = 1 in [U2, §4] works also well for i = 2, 3,4, and gives the above
theorem.

We give another proof of the above theorem by using the fs logarithmic
points P, and ()., at the boundaries.

Proof. The method of the proof is similar to that for i = 1 given in [U2,
§5]. We give the full proof in each case i = 2,3, 4.
Since ¢ 1 (Qu) = {Px}, it is enough to show the following:

Claim 7.1. (Mx/O%)q.. — (Mp/Op,)p,. is surjective.
Before the proof of Claim, we prepare a Lemma. Let N := N.

Lemma 7.1. In each case, there exists a symplectic basis g3, g2, g1, go of Hy
for which the matrix presentation of N 1is listed as follows:

In the case of 1 = 2,

0 1 0 O
0 0 0 O
[N(g3)7N<g2)7N<gl)7N(go) ] = [93792;91,90] 3 9/2 0 0
9/2 =7/2 -1 0
In the case of i = 3,
0 1 0 O
0 0 0 O
[N<93)7N(92)7N(91)>N(90) ] = [93792791790] 9 3 0 0
3 —-11/3 =1 0
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In the case of 1 = 4,

0 1 0 O
0 0 0 O
[N(gg),N(gz),N(91)7N(go) ] = [93792,91790] 1 1/2 0 0
1/2 —17/6 —1 0

Proof of Lemma. The basis g3, g2, g1, go is given as follows:

In the case of t = 2,3, g3 =e1, go = €3, g1 = €3, go = €4.
In the case of 1 = 4, g3 = —€3, go = €2, g1 = €1, o = €4.

O

Proof of Claim. Let ¢ € Mp: p_ be a local coordinate on an open neighbor-
hood A of P € P!. Then we have

(M]p1/(’)1;1)poc = {(jn S (Mpl/o[;l)]?oo ’ n € N} .

We shall find ¢ € Mx g, such that gop =g € (Mp1/Op,)p.. -
Define the map ¢ : £, — C by

(w, (FODF1 D F? DF3:C<Z a,;gz-> D{O})) > W exXp (2m'@>
, az
0<i<3

and define the map
q:T(05)8°\D,,  — C,

(FO SDF'O> o> F*=C ( D bigi> D {0}) mod T'(04)%P,
0<i<3

(00, Z) mod I'(04 )%

b
exp <2m’b—2) ,

0.

Then, by the definition of ¢, we have § € Mg,  y/(p.). Moreover, we have
the following commutative diagram.
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,Z/J/

['(050)2P\ D,y 1 C

We shall check q o p,., = ¢ in the above diagram in the case of i« = 2. For
the other cases, we can check it similarly. Let

1
(w,F) € Ey, w#0, z:= Og@).
2m

Then we have
Poo (W, F) = (exp(zN)F mod I'(04)8P), and

1

z 0 O as
0 1 0 O Qo
eXP(ZN)Fg =C [93792791,90] 9 3.2
3z 2+ 352 1 0 ai
gz — ng —%z — %23 -z 1 ao

9 3
=C ((ag + 2a9)g3 + asgs + (3za3 + (52 + 522) ay + al) 0

+ 2. _32), - OS] P +a
5 5 3 9 5 2 1 09 |-

From this calculation, we have

q© po.(w, F) = exp (27%@)
a2

= exp(2miz) exp (2m'%>

a2



If w =0, then
q° Po.(0,F) = q((000,exp(CN)F)  mod I'(6s0)*)
=0
=q (0, F).

Thus, we see the commutativity of the above diagram. Here, it follows from
qo ps.. = q that ¢ € Mx .. By the above commutative diagram,

qo 90( )
= qoy'(w)
( ,(w))

(w, FO(w) > F'(w) D F*(w) > F3(w (Zal )D{O})>

0<3<3
w
= 27m

= (qu)(w),

where u = exp (27rz' aggwi) Opi p_- Therefore go ¢ = G in (Mp1/Opi)p,,
Ao\ W
[l

I
Q¢

|
Q¢

We thus have proven the theorem in this section. O

Remark 7.1. gy, g1 € Im(N?) in Lemma 7.1 is called a good integral basis
n [M2]. Moreover, we can see that the above Gu is a so-called canonical
coordinate. Let w be a local frame of the free Oa-module F? arising from
the holomorphic map 1 : A — D. Then we have

(Gu)(w) = exp (2m'z + 27 ZEEZ;)
e + (g
= eXz EQm o1 + Z;‘io’ ( ()>)O>S )
(90, w(w))o
{exp(— ZN)gl,w(w)>o) |
(90, w(w))o

The last term of this equation is just a canonical coordinate in [M2].

= exp (2m
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Part II
Global monodromy modulo 5 of
quintic-mirror family

8 Partial normalization of monodromy

Let T' C Aut(H?*(Wy,Z),{ , )) be the global monodromy of the quintic
mirror family (W) epr. (See §2 and §3 for the definition of the quintic mirror
family and its global monodromy.) By taking e, es, e3,e4 in §3 as the basis
of H3(Wy,7Z), we regard ' as a subgroup of Sp(4,7Z). We denote the matrix
presentations of the local monodromies around A = 0,1 in §3 by A,T. Note
that I' is generated by A and T.

We can partially normalize A and T simultaneously as follows.

Lemma 8.1. There exists P € GL(4,Q) such that

110 0 1 000
011 -1 0100
—1 o -1 —
PAP = 001 -1 , PTTP = 0011
5 5 5 —4 0001
5 =3 00
Proof. Wetake P= | 0 Y 1 00 e assertion foll O
rooj. € take = 10 -5 0 ol € assertion 1ollows.
0 0 01
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9 Presentation modulo 5 of global monodromy
Let
I":={P'XPeGL(4,Z) | X €T},
and let p: GL(4,Z) — GL(4,Z/5Z) be the natural projection. Define
I = p(I).

We study L. .
Let A := p(P7'AP), T := p(P7'TP) € GL(4,Z/5Z). By a simple
calculation, we obtain

1 n 3n(n+4) nn+1)(4n+1)
- |01 n 2n(n+1)
=1y, | o € GL(4,Z/5Z).
0 0 0 1
Let ' be
1 n 3n*+2n a
01 m b CqLe,z/52) bc € Z/5Z
0 0 1 c ) n7 a’? 7C
0 0 0 1

I is a subgroup of GL(4,7%/5Z) which contains A and 7. The following
Theorem and Corollary are the main results of the second part.

Theorem 9.1. I =T

Proof. T C I follows from what we just mentioned. So we shall prove the
inverse inclusion.
From the presentations of elements of I', we see that I' is generated by

1001 1000
- 0100 0101
AT Ev=|g o g o @dE2=14 ¢ 1 o

0001 0001

Therefore, it is enough to show E; and E, belong to I. In fact, we have
By = ATAVT, B, = (ELA2T A7)
Hence FE;, FE5 € I ]
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Corollary 9.1. Let X € I'. Then the eigenpolynomial of X is
2t 4+ (5m 4+ 1)2® + (5n + )2 + (5m + 1)z + 1,

where m,n are some integers. In particular, if X is not the unit matriz and
the order of X 1is finite, then the order of X is 5 and the eigenvalues of X
are exp(2mi/5), exp(4mi/5), exp(6mi/5), exp(8mi/5).

Proof. We shall prove the first part. Let Ai, Ag, A3, Ay be the eigenvalues
of X. Then the the eigenpolynomial p(X) of X is

x4—< > )\i)\j)\k)x3+< > )\i)\j>x2—<2)\i)x+l.

1<i<j<k<4 1<i<j<4 1<i<d

On the other hand, the the eigenpolynomial p(X 1) of X! is

do( F Sna)er [ Zan) e (o)

1<i<j<k<4 1<i<j<a 1<i<a ™
=zt — N |2+ N | 2?2 — Mg |z +1
— i i\j XAVEAYS .
1<i<4 1<i<j<4 1<i<j<k<4

Since X € Sp(4,Z), p(X) = p(X~'). So we can express p(X) by
'+ ax® + ba® + ax + 1,

where a,b € Z. It follows from the theorem that a = —4, b = 6 mod 5.
Hence the claim of the first part follows.

Next we shall prove the latter part. Let A be an eigenvalue of X. By the
property for eigenvalues of elements of the symplectic group, A, 1/X, 1/A
are also eigenvalues of X. If 1 or —1 is an eigenvalue of X, its multiplicity
is even. Since the order of X is finite, we can express eigenvalues of X
by exp(if;), exp(—ify), exp(ifs), exp(—iby) (0 < 01,02 < 7). Then the
eigenpolynomial of X is

2 —2(cos 1 +cos O3)2°+2(cos (0 +05) +cos (0 —02)+1) x> —2(cos 1 +cos by ) x+1.
By the claim of the first part of the Corollary, we have

—2(cos O1+cos O2) = 5m~+1, 2(cos(61+602)+cos(61—02)+1) = dbn+1, m,n € Z.
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By the addition theorem, we have
2(cos by + cosby) = —bm — 1, 4cosby cosbty = bn — 1.

It follows from —4 < 2(cosf; + cosfsy) < 4 that m =0, —1. If m = —1, then
cos 61, cos By = 1 and all eigenvalues of X are 1. Since the order of X is finite,
X is the unit matrix. It contradicts the assumption that X is not the unit
matrix. Hence m = 0 and

1
cos By + cosby = —3

It follows from from —4 < 4cosf, cosy < 4 that n = 0,1. If n = 1, then
cosf; = +1, cosfy = £1. It contradicts the fact that cos 6 + costy = —1/2.
Hence n = 0 and

1
cos 6] cos Oy = T
Combining these two equations, we have

1 1
C082Q1+§C0891 -1 =0.

When we solve this equation for cos 6y,

—~1++5 g V10 £+ 25

noy

cosf; =

4 4 ’
-1FV5 V10 F2V/5
cosfy = Y sin 6y = —

Then we can verify easily that (exp(if)), (exp(ify))® = 1. Hence we have

27 4w 47 27
0,05) = | —, — — — .
(1,2) <5,5>0r(5,5)
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10 Relation to the other result

In this section, we shall compare the main result of this part with the
result in [CYY]. Chen, Yang and Yui find the congruence subgroup I'(5, 5)
which contains the global monodromy I'. Combining their result and our
theorem, we can find a smaller group which contains T'.

The congruence subgroup I'(5,5) is defined by

1 % % %
r(5,5) = d X espa,z) |y= [0 L * ds
9= PWET=010 0 1 of ™
0 0 = 1
Let X € I'(5,5) and express X by
oxy +1 12 13 T14
5%21 511322 +1 2923 T4 ..
5:13'31 53732 51’33 +1 5.%'34 » L €Z <1 =)= 4)
5ZL’41 51342 T43 5$44 + 1

Then we have

1 —91'31 —T19 + 3%32 —T14 + 3$34

1 — 0 1 —21’12 —21‘14
CL(4,Z)>P'XP= |, | . mod 5.
0 0 0 1

By the theorem 9.1, if X € T, then p(P7'XP) € T and
—Ox51 =n, —2T13 =N, —T12 + 332 = 3n® +2n mod 5.

where n is some integer. From a simple calculation, the above equation is
equivalent to

T3 = 32(312, T30 = 4(1]%2 + 4$12 mod 5.
So we define

I'(5,5)
5z11 + 1 T12 13 T14 231 = 321
ST dxg + 1 To3 Ty 2
= Sp(4,Z =1 4
51’31 51‘32 5[E33 + 1 51‘34 < p( ’ ) xmgéd 5 112 t T12
DT 41 DT 42 T43 Dx4q + 1

Then we have the following Corollary.
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Corollary 10.1.

(i) T'(5,5) is a subgroup of T'(5,5).
(if) T € I'(5,5) ¢ I'(5,5).

(iii) I'(5,5) is a congruence subgroup of Sp(4,7Z) of finite index.

Proof. Let
o :T(5,5) — GL(4,Z), X — P7'XP

and
m:=pop :I'(55) — GL(4,Z) — GL(4,Z/5Z).

Then, T'(5,5) = 7~ 1(I) follows from what we just mentioned. Since 7 is a
group homomorphism, 7—*(T') is a subgroup of I'(5,5). Hence the claim of
(i) follows.

We can verify easily that A and T belong to I'(5,5). Therefore T'(5,5)
contains I'.

We shall show I'(5,5) is a proper subgroup of I'(5,5). We take

0

o ot O =
OO = O
_ o O O

0
1
0

Then we have X € I'(5,5) and X ¢ I'(5,5).

['(5,5) contains the principal congruence subgroup
['(25) := Ker(Sp(4,Z) — Sp(4,7Z/257)).
Hence we obtain

| T(5,5) : Sp(4,7Z) | < | I'(25) : Sp(4,Z) | = | Sp(4,Z/25Z)) | < .
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