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Let X be a normal projective Q-Gorenstein variety with at worst
log-terminal singularities. We prove a formula expressing the to-
tal stringy Chern class of a generic complete intersection in X via
the total stringy Chern class of X. This formula is motivated by its
applications to mirror symmetry for Calabi-Yau complete intersec-
tions in toric varieties. We compute stringy Chern classes and give a
combinatorial interpretation of the stringy Libgober-Wood identity
for arbitrary projective Q-Gorenstein toric varieties. As an applica-
tion we derive a new combinatorial identity relating d-dimensional
reflexive polytopes to the number 12 in dimension d > 4.
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Introduction

The orbifold (or stringy) Euler number has been introduced by Dixon, Har-
vey, Vafa, and Witten [DHVWS85] as a new topological invariant of sin-
gular varieties motivated by string theory. It was observed by Hirzebruch
and Hofer [HH90] that the orbifold Euler number ey, (X) of a singular
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Calabi-Yau variety X can be identified with the usual Euler number e(Y") of
its Calabi- Yau desingularization Y, i.e., a desingularization p : Y — X such
that Y is a smooth Calabi-Yau manifold. Such a desingularization p might
not be unique, but the Euler number e(Y') does not depend on its choice.
Moreover, the orbifold (or stringy) Hodge numbers hL7(X) of the singular
Calabi-Yau variety X can be defined in the same way as the Hodge numbers
hP4(Y) of the smooth Calabi-Yau manifold Y. The fact that the stringy
Hodge numbers do not depend on the choice of a Calabi-Yau desingulariza-
tion plays an important role in mirror symmetry for Calabi-Yau varieties
[BD96].

More generally, a desingularization p:Y — X of a normal projective
variety X with at worst canonical Gorenstein singularities is called crepant
if p*Kx = Ky. Using nonarchimedian integration [Bat98|, one can prove
that the Euler number e(Y) and the Hodge numbers h”4(Y") do not depend
on the choice of the crepant desingularization p. These numbers are called
stringy Euler number e, (X ) respectively stringy Hodge numbers h?,%(X) of
the singular variety X.

It was discovered by Aluffi [Alu04] that not only the Euler number e(Y")
(the top Chern class ¢4(Y')) of Y, but also the push-forwards of all other
Chern classes p.ci(Y) € A¥(X)g (0 < k < d) are independent of a crepant
desingularization p : Y — X of a d-dimensional variety X. This observation
led to the notion of stringy Chern classes ¢ (X) € A*(X)g (0 < k < d) of
singular varieties X. They have been introduced and developed in [Alu05,
dFLNUO07]. We remark that the stringy Chern class ¢ (X) of a singular
d-dimensional projective variety X appears in the stringy version of the
Libgober-Wood formula [Bat00].

In this paper, we are interested in stringy Chern classes of generic com-
plete intersections in toric varieties. Our interest is motivated by the well-
known construction of many examples for Calabi-Yau varieties and their
mirrors as hypersurfaces and complete intersections in Gorenstein toric Fano
varieties [Bat94, BB97, BD96]. Another motivation for our paper was the
search for a higher dimensional generalization of the well-known combinato-
rial identities for reflexive polytopes of dimension 2 and 3. This generaliza-
tion and its connection to the Libgober-Wood formula for smooth manifolds
[LWI0] (see also [Sal96]) has been considered independently in the recent
preprint of Godinho, von Heymann, and Sabatini [GvHS16]. Independently
some results of our paper were obtained in the preprint of Douai [Doul6]
motivated by Hertling’s conjecture about the variance of the spectrum of
tame regular functions.
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Let X be a d-dimensional normal projective Q-Gorenstein variety with
at worst log-terminal singularities, i.e., the canonical class Kx of X is a
Q-Cartier divisor and for some desingularization p:Y — X of X, whose
exceptional locus is a union of smooth irreducible divisors D1, ..., Ds; with
only normal crossings, one has

S
Ky = p*Kx + ZaiDi
i—1

for some rational numbers a; > —1 (1 < i < s). The above desingularization
p will be called log-desingularization of X. For any nonempty subset J C
I'={1,...,s} we define D; to be the subvariety Njc;D; together with
its closed embedding e;: Dj — Y and set Dy =Y. We remark that the
subvariety D; C Y is either empty or a smooth projective subvariety of Y
of codimension |J].

If V is an arbitrary smooth d-dimensional projective variety, then the
E-polynomial of V is defined as

E (Vi u,v) = Z (—1)PTHIpPa (V) uPol,

0<p,q<d

where h?? (V') are the Hodge numbers of V. Furthermore, the Euler number
e(V) =¢cq(V) of V equals E (V;1,1). The stringy E-function of the singular
variety X is a rational algebraic function in two variables u, v defined by the
formula

1) Ba(Xuww)= 3 E(DJ;u,v)H<(mj)ﬁfj;1_l_1>.

pcJCrI jeJ

One can prove that the function Eg,-(X;u,v) does not depend on the choice
of the log-desingularization p [Bat98, Theorem 3.4]. As a special case, this
formula implies Eg,-(X;u,v) = E(Y;u, ) if p is a crepant desingularization
of X. The top stringy Chern class (or the stringy Fuler number) of X is
defined to be the limit of the stringy E-function (1), i.e.,

(2) " (X) = lim, Bar(Xu,0) = . Cle(DJ)H< 4 >7

u,v—> a; 1
0CJCI jeJ N T

where c;_|7(Dy) = e(D;) denotes the Euler number of the smooth subva-
str

riety Dy CY. We regard the stringy top Chern class ¢"(X) as a special
case of the k-th stringy Chern class defined in [Alu05, dFLNUOQ7] for any k
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(0 < k < d). In this paper, we apply the following formula for the compu-
tation of the k-th stringy Chern class of a d-dimensional normal projective
Q-Gorenstein variety X with at worst log-terminal singularities using the
usual Chern classes of smooth projective subvarieties Dy C Y

G"(X)=p | D enanON]] (aj_ij1> € Ag—r(X)q.

pCJCcr JjeJ

Here, Ay 1(X) = A¥(X) denotes the Chow group of (d — k)-dimensional
cycles on X modulo rational equivalence and A, (X)g = EB%:O Ai_x(X)o
with Ag_1(X)g = Ag—r(X) ® Q the rational Chow ring of X. Moreover,
pst Ag 1, (Y) = Ay p(X)and ey, : Ag_p(Dy) — Ag_(Y) are push-forward
homomorphisms corresponding to the proper birational morphism p:Y —
X respectively the closed embeddings e : Dy < Y. It is important to note
that the above definition of stringy Chern classes is also independent of the
log-desingularization p.

The paper is organized as follows:

In Section 1, we prove that the well-known formula expressing the total
Chern class of smooth complete intersections via the total Chern class of the
ambient smooth variety V' remains valid also for the total stringy Chern class
¢S (+) of generic hypersurfaces and complete intersections in the singular

ambient variety X, i.e.,

e (00 Z) =X [Tz + 1z,
j=1

where Z1,...,Z, are generic semiample Cartier divisors on X and 7 : Z; N
-+ N Z, — X is the corresponding closed embedding. In particular, we show
that the top stringy Chern class (or stringy Euler number) of generic semi-
ample Cartier divisors Z on X can be computed via stringy Chern classes
of X by

S (2) = eqr(Z) = [Z).¢51(X) = [Z)2c5 5 (X) + - -

d
= > (D)2 (X)),
k=1

We give a similar formula for the top stringy Chern class ¢ (Z1N0---N Z;)
of complete intersections Z; N---N Z,., where Z1,..., Z, are generic semi-
ample Cartier divisors on the singular variety X.
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In Section 2, we look at intersection numbers of stringy Chern classes
with Q-Cartier divisors. A particular case of such an intersection number
has appeared in the stringy version of the Libgober-Wood identity

d2

1
(3) WES”» (X,u, 1)

3d2 —5d str str
it Tcdt (X) + ECI(X)-Cdt—l(X)

in [Bat00, Theorem 3.8], where the intersection number ¢;(X).c5"; (X) has
been defined as

(@) a@eh@) = 3 p*cl(X)‘eJ*CdJl(DJ)H< 4 )

a; +1
gCcJCI jeJ it

and its independence on the choice of the log-desingularization p has been
shown in [Bat00, Corollary 3.9]. In this paper, we consider more general
intersection numbers [Z1]. ... .[Zg].c5"(X), where Z1, ..., Z), are arbitrary
Q-Cartier divisors. These intersection numbers can be defined by a similar
formula

(Z1]). ... 2] (X)
B @CZ:JCIIO*[Zﬂ' -P*[Zk]-eJ*Cd—J—’“(DJ)g (aj +]1> ‘

We give a proof for its independence on the choice of p without using the
definition of stringy Chern classes.

In Section 3, we apply the results of the previous sections to hyper-
surfaces and complete intersections in normal projective Q-Gorenstein toric
varieties. For this purpose, we compute the k-th stringy Chern class of a
d-dimensional projective Q-Gorenstein toric variety X associated with a fan
> of rational polyhedral cones in Ng as a linear combination of classes of
torus-invariant cycles X, corresponding to k-dimensional cones, i.e.,

Gr(X)= ) (o) [X],

cex(k)

where (k) is the set of all k-dimensional cones of ¥ and Ny is a real
vector space obtained by an extension of a d-dimensional lattice N = Z<.
The coefficients v(o) are positive integers defined by the formula

v(o) == k! volg (0,),
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where voli, (©,) is the k-dimensional volume of the lattice polytope ©, ob-
tained as the convex hull of the origin and the primitive lattice generators of
all 1-dimensional faces of o € ¥(k) with respect to the sublattice (o) N N.
We apply this formula for stringy Chern classes of toric varieties to compute
intersection numbers [Dq]. ... .[Dy].c5",(X) via mixed volumes of faces of
divisor-associated convex lattice polytopes, where D1, ..., D; are semiample
torus-invariant Q-Cartier divisors.

In Section 4, we are interested in a combinatorial interpretation of
the stringy Libgober-Wood identity (3) for d-dimensional projective Q-
Gorenstein toric varieties. Such a toric variety X is defined by a complete
fan ¥ in Ni such that there exists a piecewise linear function «: Ng — R
that is linear on each cone o of ¥ and has value —1 on every primitive lat-
tice generator of a 1-dimensional cone of . A projective Q-Gorenstein toric
variety X is called log-Fano toric variety if its anticanonical divisor —K x is
ample, i.e., if k is strictly convex. In this case

A= {zx € Ng | k(z) > —1}

is a convex lattice polytope whose vertices are primitive lattice generators
of 1-dimensional cones of 3. Let M := Hom(N,Z) be the dual lattice to
N and (-,-) : M x N — 7Z the natural pairing, which extends to a pairing
(-,*) : Mg x Ng — R. The dual polytope A* of A is a convex polytope with
rational vertices defined as

A" ={ye Mr| (y,z) > —1Vx € A}

The polytope A is called reflexive if all vertices of the dual polytope A*
belong to the lattice M. The latter case happens if and only if the log-Fano
toric variety X is a Gorenstein toric Fano variety (i.e., its anticanonical
divisor is an ample Cartier divisor). Gorenstein toric Fano varieties X of
dimension d associated with reflexive polytopes A are used in mirror sym-
metry as ambient spaces for Calabi-Yau hypersurfaces [Bat94, BB97, BD96].
The stringy Euler number of a generic ample Calabi-Yau hypersurface Z in
X is combinatorially computable via

d—3
estr(Z) =7 (2) =) (=1)F > w(0) v (),
k=0 RN
dim(0)=k+1

where the face 0* = {y € A*| (y,z) = —1 Vx € 0} of the dual reflexive poly-
tope A* is called dual face to a face 6 of A (written 6 < A).
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If X is a toric log del Pezzo surface associated to a convex lattice polytope
A (cf. LDP-polytope [KKN10]), then the stringy Libgober-Wood identity (3)
for X is equivalent to the combinatorial equality

v(A)+o(A) =12 > (k(n)+1)*.

neANN

In particular, one always has v (A) 4+ v (A*) > 12 and equality holds, i.e.,
(5) v(A) + v (A7) =12,

if and only if A is a reflexive polytope.

If A is a 3-dimensional reflexive polytope, then the stringy Euler number
of a Calabi-Yau hypersurface in the associated Gorenstein toric variety X
is 24 and one obtains the identity

(6) > w() v () =24

0=<A
dim(0)=1
Our aim in Section 5 is to give a generalization of the above identities for
reflexive polytopes of dimension d > 4. For this purpose, we use the Ehrhart
power series of an arbitrary d-dimensional lattice polytope A C Ng defined
as

Pa(t) =) [kANN]|tF,
k>0

where |kA N N| denotes the number of lattice points in kA. This series can
be written as the rational function

g (At 4y (A) E 4 1 (A)
- (1 —t)d+t ’

Pa(t)

where 1), (A) are nonnegative integers for all 0 < a < d [Bat93, Theorem
2.11]. We show that the stringy Libgober-Wood identity (3) for a Gorenstein
toric Fano variety defined by the fan of cones over faces of a reflexive polytope
A is equivalent to the combinatorial identity

D X @ (a-g) @ty X w0 ).

a€l0,d)nzZ N
dim(0)=d—2

For reflexive polytopes A of dimension 2 and 3 this identity is equivalent
to Equation (5) respectively (6), but for reflexive polytopes A of dimension



“]-Batyrev” — 2017/6/1 — 22:33 — page 8 — #8

8 V. Batyrev and K. Schaller

d > 4 Equation (7) is not anymore symmetric with respect to the polar
duality between A and A* (i.e., the equality for A is not equivalent to the
one for A*). If d = 4, then (7) is equivalent to

12-[DANN[=2-0v(A)+ DY (0) v (67,
0=<A
dim(0)=2
where OA denotes the boundary of the polytope A and |[0A N N| the number
of lattice points in JA. In addition, we consider some generalizations of the
above identities for Gorenstein polytopes.

1. Stringy Chern classes of complete intersections

First, we note that for projective varieties X the general definition of the
total stringy Chern class ¢3"(X) € A, (X)g due to de Fernex, Luperico,

Nevins, and Uribe [dFLNUO7] can be simplified as follows:

Proposition 1.1. Let X be a d-dimensional normal projective Q-Gorenstein
variety with at worst log-terminal singularities and p:Y — X a log-
desingularization of X. Then the total stringy Chern class of X can be
computed via total Chern classes ¢, (Dy) of smooth projective subvarieties
D;CY by

str _ aj
® W= | 5 e o] (5] 4.0
pCJCI jeJ
In particular, one obtains
str — —aj
© @0 = | 5 eran®] () € a0

PCJCI jeJ

and has
A (X) = pecr(Y) € Aa—i(X)g
if p: Y — X is a crepant log-desingularization (0 < k < d).

Proof. The definition of the total stringy Chern class given by de Fernex,
Luperico, Nevins, and Uribe in [dFLNUO7] uses the group homomorphism
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of MacPherson c¢: F(Y) — A,(Y) from the group F(Y') of constructible
functions on Y to the Chow group A, (Y) of Y. If 1y is the characteristic
function of the smooth variety Y, then ¢(1y) = ¢, (Y'). Using the stratifica-

tion of Y by locally closed subsets DG := D\ (Uie[\JDi) (0 C J C 1) their
definition looks as follows:

(10) c(X) = p. Z ¢ (Lp;) H (aj :— 1)

pCJCI jeJ

Using the stratification 1p, =)~ Ips, and ¢ (Ip,)=> ;¢ (]lD‘oﬂ) for
all ) C J C I, we conclude - B

s () 3, (B )

0cJcrI Jjed pcJCcr \J'2J Jjed
- ¥ can[I(%)-
pCJCI jeJ N

It remains to apply p. to the above equality and the property c¢(1p,) =
ej«C. (Dy), which follows from the commutative diagram

F(Dy) F(Y)

A, (Dj) = A (Y),

where ey, : A, (Dj) = A.(Y) is the push-forward homomorphism corre-
sponding to the closed embedding e; : Dy < Y. O

Remark 1.2. The important ingredient in the definition of the total stringy
Chern class ¢*'"(X) (rvesp. k-th stringy Chern class ¢ (X)) is its indepen-

dence on the choice of the log-desingularization p. This property was proved
in [dFLNUO07, Proposition 3.2].

Let V be a smooth d-dimensional normal projective variety and Z a
smooth divisor on V' with the closed embedding i : Z < V. Using the exact
sequence of vector bundles 0 — Tz — *Ty — Oz(Z) — 0, one obtains a
formula that computes the total Chern class of Z in terms of the total
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Chern class of the ambient variety V:

(1) ie.(Z) = c. (V)21 +[2) 7" = (V). (Z(—D’“‘Wﬂ’“) ,

k=1

where 7. denotes the tangent bundle, [Z] the class of Z in Ay_1(V), and
c. (V) =3, cx(V) the total Chern class of V' (cf. [Ful98, Example 3.2.12]).
In particular, the Euler number of Z can be computed as

d
(12) o(2) = ca1(2) = Y (~1F (2P can(V).
k=1

We show that the same formulas hold for the total stringy Chern class
respectively the top stringy Chern class of generic hypersurfaces in singular
varieties.

Theorem 1.3. Let X be a normal projective Q-Gorenstein variety with at
worst log-terminal singularities and Z a generic semiample Cartier divisor
on X. Then the total stringy Chern class of Z is

i Z) = (X)) 2] 1+ [2) 7Y,

where 1 : Z — X is the closed embedding.

Proof. Let p:Y — X be a log-desingularization of X and Ky = p*Kx +
> a;D;. By Theorem of Bertini, Z’ := p~1(Z) is a smooth divisor on Y.
By the adjunction formula Kz = (Ky + Z’) 7z, we obtain Kz = p*Ky +
>i 1 a; D}, where D} := D; N Z'. Define D', := mj€JD9 and note that D', =
DyNZ' C Dy is a smooth divisor on Dy. Let €} : A, (D)) = A, (Z') be
the push-forward homomorphism corresponding to the closed embedding
e/, : D', — Z'. Consider the commutative diagram

DJce_J>y4p>X

D\——7—— 7,
e’ Pz
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where pz : Z' — Z and i; : D', — D are restrictions of p respectively i. We
apply Equation (11) to the smooth divisor D/, C D and obtain

ixpz.€5.C. (Df]) = pe€yi.C. (Df]) = Px€Js (c, (Dy) [Df]] (1 + [Df]])_l).
Using the projection formula twice provides

ero(c. (D)) .[DY](1+ [D5) ) = eguc. (D). [2) (1 + [27]) 7
and

pe(esse. (D). (2114 [2'])71) = peesse. (D) [Z) (1 + [2]) 7!

because e;*Z' = D'}, p*Z = Z' and the pull-backs e;*, p* are homomor-
phisms. Therefore, we get

iwpi€y . (D) = peeguc. (Dy) [Z) (14 z)~ .

By applying Proposition 1.1 to Z and X, we conclude

. . —a;
et (Z) =iwpu | D €| ( {])jH<aj+J1>

| X e o0 [T (55)] ma+ 2y

=X [Z2) 1+ [2) 7.

Corollary 1.4. Let X be a normal projective Q-Gorenstein variety of di-
mension d with at worst log-terminal singularities and Z a generic semi-
ample Cartier divisor on X. Then the stringy Fuler number of Z is

(=DM HZ) e (X).

M=

estr(Z) = Cfltjl(Z> -

i
I

If [Z] = c1 (X), Z has trivial anticanonical class and the formula simplifies
to

U
[

estr(Z) = i1 (2) = ) (1) HZF. e (X).

i
I
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The formulas in Theorem 1.3 and Corollary 1.4 for total stringy Chern
classes respectively top stringy Chern classes of generic hypersurfaces can
be generalized to generic complete intersections in singular varieties:

Theorem 1.5. Let X be a normal projective Q-Gorenstein variety with at
worst log-terminal singularities, Z1, ..., Z, generic semiample Cartier divi-
sors on X, and i : Z1 N ---N Z,. — X the closed embedding. Then the total
stringy Chern class of the complete intersection Z1 N ---N Z, is

T

e (Zin-nZ) =X T 12+ (Z) 7

j=1

Proof. We apply induction on r and use Theorem 1.3 r-times, since for any
2 < 7’ <r the complete intersection Z; N ---N Z,, is a generic hypersurface
inZ1N0---NZu_q. O

Corollary 1.6. Let X be a normal projective Q-Gorenstein variety of di-
mension d with at worst log-terminal singularities and Zi,...,Z, generic
semiample Cartier divisors on X. Then the stringy Fuler number cfltfr(Zl N
-+-N Z,) of the complete intersection Zy N - N Z, is

d—r r
DMz). oz DD (Za) 120 | e (X))
k=0 i,

Corollary 1.7. Let X be a normal projective Q-Gorenstein variety of di-
mension d with at worst log-terminal singularities and Zi,...,Z, generic
semiample Cartier divisors on X such that [Z] = [Z1]| =---=[Z,]. Then
the stringy Fuler number czt_’“r (ZyN0---NZ,) of the complete intersection

Z1N---NZy is

d—r

str k:_‘_r_l r str

e zin 0z = 0TI e .
k=0

2. Intersection numbers with stringy Chern classes

Let X be a d-dimensional normal projective Q-Gorenstein variety with at
worst log-terminal singularities, p: Y — X a log-desingularization of X,
and Z1,...,Zy arbitrary Q-Cartier divisors on X. Intersecting the classes
[Z1],...,[Zk] € Pic(X)g with the stringy Chern class ¢§", (X) € Ax(X)q,
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one obtains the rational intersection number [Z1]. ... .[Z].c3", (X), which
can be considered as a generalization of Equation (4). Using (9) for the
definition of the stringy Chern class ¢, (X) € Ax(X)g and the projection
formula for the proper morphism p, one receives

[Ziy Ce {Z@chkaX)
=[Z1]. ... .[Zk].p« egCa_y—k(Dy) —4
1 Y @gZ:JgJ e leg,<aj+1>
= P« <p*([Zl]. [Zk])z eJ*cd_|J|_k(DJ)H <afij1>
pcJCrI jeg N

0

p'Zi]). ... -P*[Zk]-ej*cdﬂk(DJ)H( — >7

a; +1
I = it

(7]

where the homomorphism p* : Pic(X)g — Pic(Y')q is determined by the
pullback of line bundles and the intersection product

p*Z1]. ... p*|Zk)-eguca g k(Dy)

is the value of the multilinear map Pic(Y)(’é x Ar(Y) — Q defined by the
intersection of k classes p*[Z1], ..., p*[Zk] of Q-Cartier divisors on Y with the
k-dimensional cycle ej.cq_|j—x(Dy) € Ar(Y) composed with the natural
map Ap(Y)g — Q. In particular, we obtain

Theorem 2.1. The rational intersection number

Z P21 ... 'P*[Zk]-eJ*Cd—IJ\—k(DJ)H (ajij1>

pCJcr jeJ

does not depend on the choice of the log-desingularization p: Y — X.

Corollary 2.2. Let p*ci(X) = [—p*Kx] be the pullback of the anticanoni-
cal class of X. Then the intersection number

Z P*c1(X)k~€J*Cd7|J\*k (D) H <aj_ij1>

PCJICI jeJ

is independent of the log-desingularization p.



“1-Batyrev” — 2017/6/1 — 22:33 — page 14 — #14

14 V. Batyrev and K. Schaller

In the case k =1 (cf. Equation (4)), this theorem has been proved in
[Bat00, Corollary 3.9].

We observe that the intersection number [Z3]. ... .[Z}].c5", (X)) can be
computed by a formula that does not involve stringy Chern classes of the
singular variety X, but only usual Chern classes of smooth subvarieties D ; C
Y. We give below a proof of Theorem 2.1, which does not use the general
definiton of stringy Chern classes, but only the definition of the stringy Euler
number (2) and its independence of log-desingularization.

Proof of Theorem 2.1. Let us denote the number

Y ozl pZescayn k(D) ] ] <aj_jrjl>

pCJCI jeJ

by 1,(Z1, ..., Zy). It is clear that the map
1 Pic(X)E = Q,([Z1], ..., [Zk]) = 0p(Z1, ..., Zy)

is symmetric and multilinear. Since the group Pic(X) is generated by classes
of very ample Cartier divisors, it is enough to show the statement of Theo-
rem 2.1 in the case when Zi,...,Z; are very ample Cartier divisors. For
any sequence of positive integers nq, ..., ng, the linear combination n;[Z;] +
-+ 4+ ng[Zk] represents a class of a very ample Cartier divisor Z on X. It
follows from the symmetry and multilinearity of v, that +,(Z,Z,...,Z) is a
homogeneous polynomial of degree k in n1, ..., n; whose coefficients are the
rational numbers v,(Z;,, Zi,, ..., Z;,), where 1 <iy,...,i; < k. Therefore,
it is enough to prove the statement of Theorem 2.1 only for the rational
numbers 1,(Z, Z, ..., Z), where Z is a generic very ample Cartier divisor on
X. By Theorem of Bertini, we can assume that Z’ := p~1(Z) is a smooth
divisor on Y and the restriction of p to Z’ defines a log-desingularization
of Z with the exceptional divisors D) := D; N Z’ such that Kz = p*K, +
a1 D} + -+ + asD.. One can compute the stringy Euler number of Z by

ear(Z)= 3, e ]] (aj_Jarj1> ’

pCJcr jeJ
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where e(D’;) denotes the usual Euler number of the smooth variety D, =
DyNZ (cf. Equation (2) and [Bat98, Definition 3.3]). Now we apply Equa-
tion (12) to each smooth divisor D', C D and obtain

d—|J|
(D)) = Y (-1 D))" cqmyp-n(Dy)
L
= (—1)k o [2)* €J+Ca—|7|—k(D)
k=1

because the projection formula for the proper morphism e;: D; <— Y im-
plies

p* (2] egucayg—i(Dy) = eslesp" [Z)F ca_jg—1(Dy))
=e; 0" (2] ca_gj-1(Dy)
— e [2]" Ci—|j-k(Dy) = (D))" Ci—|gj-k(D.)-

Therefore, the stringy Euler number ey, (Z) of Z has the form

d—|J|
— * —aj
estr(Z) = E E (_1)k 1,0 [Z]k'eJ*Cd—|J|—k(DJ) H <(I' _|_]1>
0CICT \ k=1 jes N

_ Z(_l)kflp*[z]k Z 6J*0d7|J|7k(DJ) H (a]_i]1>

k>1 pCJICT jeJ

For any positive integer n, the class n[Z] can be again represented by a
generic very ample Cartier divisor Z(™ such that p~'(Z(™) is smooth. So
we can repeat the same arguments for Z(™ to obtain that the stringy Euler
number

Estr (Z(n)) = Z(—l)k_lnkp*[z]k Z erxCa-|7)-(D7) H <(Ijj‘j1>

k>1 pCJCI Jj€J

is a polynomial P in n whose k-th coefficient

p*[Z]k Z €J*Cd—|J|—k(DJ) H <aj_ij1>

pCJCrI jeJ
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is equal to 1,(Z,...,Z). Since the stringy Euler number of Z(™ does not
depend on the choice of the log-desingularization p [Bat98, Theorem 3.4,
the same is true for the polynomial P and hence for its k-th coefficient
1w(Z,...,2). O

3. Stringy Chern classes on toric varieties

It is well-known that singularities of an arbitrary Q-Gorenstein toric vari-
ety X are log-terminal. Moreover, the stringy Euler number ey, (X) of the
toric variety X can be computed combinatorially using cones of maximal
dimension in the associated fan ¥ [Bat98, Proposition 4.10] In this section,
we give a combinatorial formula of all stringy Chern classes of arbitrary
Q-Gorenstein toric varieties using the intrinsic information provided by the
associated fans. We apply this formula to compute intersection numbers
[D1]. ... .[Dg].c5".(X) via mixed volumes of certain polytopes.

We start with a well-know fact about Chern classes of smooth toric
varieties:

Theorem 3.1. Let V be a smooth toric variety associated with a fan ¥ in
Nr. Then the total Chern class of V is

ceY

where [Vy] is the class of the closed torus orbit Vi, corresponding to a cone
o€

Theorem 3.2. Let X be a Q-Gorenstein toric variety associated with a fan
3. Then the total stringy Chern class of X is

(X) =) w(o) - [Xo],

oeEX

where v(o) = k! - voly (O4) and volg (©,) is the k-dimensional volume of the
lattice polytope O, obtained as the convexr hull of the origin and the primitive
lattice generators of all 1-dimensional faces of a cone o € X(k).

Proof. Consider p:Y — X to be a log-desingularization of X obtained by
a refinement Y’ of the fan X. There is a natural bijection between the
set of exceptional divisors {D1,...,Ds} in Y and the set of 1-dimensional
cones ¥'(1) \ X(1). We denote by {Dsi1,...,D,} the set of all remaining
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torus-invariant divisors in Y whose elements one-to-one correspond to 1-
dimensional cones in X(1) and set I :={1,...,s}, I':==TU{s+1,...,7},
and aj =0 for all j € I' \ I.

Let {ui,...,u.} = {u;|i € I'} be the set of all primitive lattice gener-
ators of 1-dimensional cones of ¥'(1) corresponding to all torus-invariant
divisors Dy, ..., D,. For any subset J' C I’, the subset Dy = NjecyD;j is
either empty or a smooth toric subvariety Y, of Y. The latter holds if
and only if the set {u;|j € J'} generates a cone ¢’ € ¥’ of dimension |.J'|.
Then the locally closed subset DY, :== D\ (Uie "\ J/_DZ‘) is the dense open
torus orbit T, in Y,. By Theorem 3.1, we have ¢, (T,/) = [T,]. This implies
c (]lD?f) = [Y,]. Using Equation (10), we get

w0 =p. | 3 eto) 1 (1)

0cgcr JjeJ

=> eVl ]] (ajirl>'

o'ey u; €0’

Let us compute p,[Y,/]. If o € ¥ is the minimal cone of ¥ containing
o' € ¥, then p(Y,') = X,. In order to compute the corresponding cycle map
pe i A (Y) = A, (X), we need to compare the dimensions of Y, and X,,. If
dim (Y,/) > dim (X, ), then p.[Y,/] = 0. Otherwise, we have p,[Y,] = [X,].
Therefore, we get

- X I ()] e

oen o'ex’ 0’20 u;€0’
dim(o/)=dim(o)

Furthermore, [| ) = v (¢’) for every cone ¢’ € 3 and this implies

1
u;€o’ (aj—l—l

SMX) =) Yo v (@)X =D vie) (X

oEeY o'ex’ o' <o oEY

Corollary 3.3. Let X be a d-dimensional Q-Gorenstein toric variety as-
sociated with a fan . Then the k-th stringy Chern class of X (0 < k < d)
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G"(X)= ) (o) [X].

oeX(k)

The above formula allows to compute combinatorially the intersection
number of the stringy Chern class ¢§";(X) of a d-dimensional projective
Q-Gorenstein toric variety X corresponding to a fan ¥ with an arbitrary
torus-invariant Q-Cartier divisor D =) pex1) @pDp on X.

Therefore, we define for any (d — 1)-dimensional cone o € ¥(d — 1) the
rational number [p(c): Consider two d-dimensional cones o', ¢” € 3(d)
such that o = 0’ No”. Denote by m, and m,~ elements in Mg that are
defined by the conditions (my/,u,) = —a, Vp C o’ respectively (mgr,u,) =
—a, Vp C 0", where p € ¥(1) and u, € N denotes its primitive lattice gener-
ator. Now choose the primitive lattice generator u of the 1-dimensional sub-
lattice M (o) :== {m € M| (m,u') = 0Vu' € o} such that u|,» <0 and u|s» >
0. Since my, — Mg~ vanishes on o, there exists a unique number [p(o) € Q
such that my —mer = Ip(o) - u.

Proposition 3.4. Let X be a d-dimensional projective Q-Gorenstein toric
variety associated with a fan ¥ and D a torus-invariant Q-Cartier divisor
on X. Then

D]y (X) = Y v(o)-Ip(o),

cex(d—1)

where the rational number Ip(o) € Q is defined as above.

Proof. Using Corollary 3.3, we obtain

(D] (X) = Y v(0)-[D].[Xo].

oeX(d-1)

It remains to apply the equality [D].[X,] =Ip(o) (cf. [CLS11, Proposi-
tion 6.3.8]) for every cone o € X(d — 1). O

Now we compute intersection numbers [D]*.c5" (X), where D =
> pex(1) @pDp is a semiample torus-invariant Q-Cartier divisor on the toric
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variety X . Consider the corresponding convex rational polytope Ap of di-
mension < d defined as

Ap = {y € Mg|(y,up) > —a, Yp € (1)} C Mp,

where u, € N is the primitiv lattice generator of a 1-dimensional cone p €
¥(1). Let 0 € ¥(d — k) be a (d — k)-dimensional cone of the fan ¥. Denote
by A% a face of Ap of dimension < k defined as

D ={y € Ap|(y,u,) = —a, Vp € £(1) with p € o} C Mp.
The volume of the rational polytope A7, is defined as
v (AD) = k! vol, (AD) € Q,

where vol;, (A7) is the volume of A, with respect to the k-dimensional
sublattice M (o) = {m € M|(m,u') =0Vu' € o} of M. In particular, one
has v (A%) = 0 if dim (Af) < k.

Theorem 3.5. Let X be a d-dimensional projective Q-Gorenstein toric va-
riety associated with a fan 3 and D a semiample torus-invariant Q-Cartier
divisor on X. Then

(DI e (X) = > w(o)-v(AP),
ceX(d—k)

where the face A, of Ap and v (AYF) are defined as above (0 < k < d).

Proof. By Corollary 3.3, we have

(DI (X)) = > w(o) - [D)F.[X].
oceX(d—k)

Let D? be the restriction of the semiample torus-invariant Q-Cartier divisor
D to the k-dimensional toric subvariety X, of X. Then [D].[X,] is the
intersection number [Da}k of the semiample torus-invariant Q-Cartier divisor
D? on the k-dimensional variety X,. It remains to note that the number
[D7]F equals v (A%) (cf. [CLS11, Section 13.4]). 0

Using Theorem 3.5 and Corollary 1.4 respectively 1.7, we derive combi-
natorial formulas for the stringy Euler number of generic hypersurfaces and
complete intersections in toric varieties:
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Corollary 3.6. Let X be a d-dimensional projective Q-Gorenstein toric
variety associated with a fan ¥ and D a semiample torus-invariant Cartier
divisor on X together with the corresponding lattice polytope Ap . Denote
by Z C X a generic semiample Cartier divisor such that [Z] = [D]. Then
the stringy Euler number of Z is

—_

d
estr(Z)=c"(2) =) (-1D)F Y w(0)-v(AP),
k

=0 oceX(d—1—k)

where A9, is a face of Ap corresponding to a cone o € ¥. If [Z] = c1(X),
the formula simplifies to

w

d
estr(Z) = cf(Z) =Y (1" Y w(0)-v(AD).
k

=0 ceX(d—1—k)

Corollary 3.7. Let X be a d-dimensional projective Q-Gorenstein toric
variety associated with a fan X and D a semiample torus-invariant Cartier
divisor on X together with the corresponding lattice polytope Ap. Denote by
Z1, ..., Zy € X generic semiample Cartier divisors such that [Z1] =--- =
[Zy] = [D]. Then the stringy Euler number of the complete intersection Z; N
<N Ly is

U

i znnz) =S (T Y e ian).

r—1
ceX(d—r—k)

il
=)

where A%, is a face of Ap as above.

One can generalize Theorem 3.5 and combinatorially compute intersec-
tion numbers [D1]. ... .[Dy].ci".(X), where Dy, ..., Dy are different semi-
ample torus-invariant Q-Cartier divisors on X. For this purpose, we use
mixed volumes of faces of some convex rational polytopes.

Theorem 3.8. Let X be a d-dimensional projective Q-Gorenstein toric
variety associated with a fan % and D1,..., Dy semiample torus-invariant
Q-Cartier divisors on X. Then

[D1]. o [Di] T (X) = Y w(0) v (A, AP,
oceX(d—k)
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where A, is a face of Ap, (1<i<k) corresponding to a cone o €3 and
v (A‘l’)l, e ,A‘l’)k) denotes the mized volume of the polytopes AT, ... A
with respect to the sublattice M (o) C M.

Proof. Let o € X(d— k) be a (d — k)-dimensional cone. Then we restrict
the semiample torus-invariant Q-Cartier divisors D1,..., Dy to the corre-
sponding projective k-dimensional toric subvariety X, of X and obtain k
semiample torus-invariant Q-Cartier divisors DY, ..., D} on X,. It remains
to apply Corollary 3.3 and the formula in [Ful93, Section 5.4] that claims
that the intersection number

(D1]. ... .[Dy.[Xo] = [DS]. ... .[DY]

can be computed as the mixed volume v (AUD17 ey A"Dk) of the polytopes
JA-N O
D;

4. Stringy Libgober-Wood identity for toric varieties

The identity

3d*> — 5d 1
1 = TCd(V) + ECI(V).Cdil(V)

d2

has been proved by Libgober and Wood [LW90] for arbitrary smooth d-
dimensional projective varieties V. This identity is equivalent to

2
> o) (p-5) = fhedV)+ gaVe(v)

2 12 6
0<p,q<d

and so the intersection number c¢1(V).cq—1(V) can be expressed via the
Hodge numbers h”4(V') of V' [Bor97].
There exists a stringy version of the Libgober-Wood identity

d? 3d* — 5d 1
(13) T2 Estr (X5u,1) g chztr(X) + ECI(X)-CZZ(X%
which holds for any d-dimensional projective variety X with at worst log-
terminal singularities [Bat00, Theorem 3.8] (cf. Equation (3)).
Moreover, if the singularities of X are at worst canonical Gorenstein and
the stringy E-function Es,(X;u,v) is a polynomial 1, quPv?, then one
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can define the stringy Hodge numbers h?;1(X) of X [Bat98, Bat00] as

str

R (X) = (=1)P Ty,

In this case, the stringy Libgober-Wood identity can be equivalently refor-
mulated [Bat00, Corollary 3.10] as

1

d\> d
+q3,Pq _ str str
a3 () (r=5) = 56 () + gl (),

In this section, we are interested in a combinatorial interpretation of
these stringy Libgober-Wood identities (13), (14) for arbitrary d-dimensional
projective Q-Gorenstein toric varieties X associated with a fan X. Let ¢x
be the smallest positive integer such that gy Kx is a Cartier divisor. The
number ¢x is called Gorenstein index of X. Note that the stringy F-function
Esir (X;u,v) of such a toric variety X can be computed combinatorially as

(15) Ear (X;u,0) = (wo = 1)"> " Y (uw)"™,

o€EYnET°NN

where k is the Y-piecewise linear function corresponding to the anticanonical
divisor of X and o° is the relative interior of a cone o € ¥ [Bat98, Theorem
4.3]. We remark that x has value —1 on every primitive lattice generator of
a 1-dimensional cone o € (1) and that the value x(n) (n € N) belongs to
L7.

" First, we show that the stringy E-function Fg, (X;u,v) is a polynomial
with nonnegative integral coefficients 1, (2) in nonnegative rational powers
a € [0,d] N inZ of uv:

Proposition 4.1. Let X be a d-dimensional projective Q-Gorenstein toric
variety of Gorenstein index qx associated with a fan ¥ in Ngr and ¥/ a
simplicial subdivision of the fan ¥ such that ¥'(1) = X(1). For any cone
o € Y/, we denote by O the relative interior of the parallelepiped O, spanned
by the primitive lattice generators of the cone o. Then the stringy E-function
can be computed as a finite sum

Esr (X5u,v) = Z (uv — 1)d—dim(o) Z (uv)dinl(o—)—kn(n’)‘

o€y’ n’edeNN
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Moreover, the stringy E-function can be written as a finite sum

Egy (X7 u, U) = Z wa(Z)(U’l})a,

a€l0,dN--7
ax

where the coefficients 1o (X) are nonnegative integers satisfying the condi-

tions 1o(%) = ¢a(X) = 1 and Yo (2) = Y4-a(E) for all a € [0,d] N 2.

Proof. Any s-dimensional simplicial cone o of ¥'(s) is generated by s lin-
early independent primitive lattice vectors wui,...,us. Therefore, any lat-
tice point n € 0° N N has a unique representation as a sum n =n'+n",
where n/ =37 | Au; € D2 NN (0 < A; < 1) and n” is a linear combination
n” =37 | kju; with nonnegative integral coefficients k;. Therefore, one has

(uv —1)° Z (uv) ™ = (uv —1)* Z (uv)F ™) H E (uv) ™"

nec°NN n’eldsnNN i=1 \k;€Z>o
! 1 5
- _1)" ) =
= (uv —1) Z (uv) (1(uv)1>
n/edenN
- X G
n’edeNN

and the first statement of Proposition 4.1 follows from Equation (15). Since
k has value —1 on every primitive lattice generator u; and gy - k(n) € Z for
all n € N, we obtain that s+ x(n') =s— 7 ; \; is a nonnegative ratio-
nal number in LXZZO- Therefore, Fq, (X;u,v) can be written as a finite
sum Egr (Xu,v) =Y, Ya(X)(uv)® for some integral coefficients g (2)
and some nonnegative rational numbers o« in inZZO. The Poincaré dual-
ity [Bat98, Theorem 3.7] for the stringy E-function

Eyp (X5u,v) = (uv)dEstr (X;u_l, v_l)

delivers the equalities 14 (3) = 1¥g_o(X). This implies o < d as soon as
1a(X) # 0. Therefore, we obtain

Estr (X7 u, 'U) = Z ¢a(2)(uv)a-

a€l0,dN-2Z
ax

The nonnegativity of the coefficients 1,(X) can be shown using an inter-
pretation of the coefficients 1, (X) as dimensions of graded homogenous
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components of a graded artinian ring R obtained as a quotient of a graded
Cohen-Macaulay ring S by a regular sequence of homogeneous elements
(cf. [Bat93, Theorem 2.11]). O

Corollary 4.2. Let X be a 2-dimensional projective Q-Gorenstein toric
variety associated with a fan ¥ in Ng. Then

Ear (X;u,v) = (uv — 1)2 Z uv + Z <(uv)2+“(") + (uv)_“(”)> _

nenN nenN
r(n)=—1 —1<k(n)<0
Proof. We do not need a subdivision ¥’ of the fan 3 because every cone
o € ¥ already is simplicial. Therefore, we set ¥’ = ¥. By Proposition 4.1,
we obtain

Egr (X, u, U) _ Z(UU _ 1)2—dim(a) Z (uv)dim(o)—l-n(n)

oex neldonNN

= (uv — 1) + Z uv —1) Z Z (uv)2+R).

oex(1) oex(2) neldenN

For any 2-dimensional cone o € ¥(2), the set {x € Ng : r(z) = —1}
divides the parallelogram [, into two isomorphic lattice triangles AZ_,
and AZ_ ;. Let u1,us be the primitive lattice generators of 0. We can write
every lattice point n € O, as a linear combination n = \juj + Aaug with
rational coefficients Aj, A2 € [0,1]. A lattice point n € [J, belongs to the
triangle AZ_, if and only if the lattice point n* := u; + ua — n belongs to
the triangle AZ . Since the boundary of the lattice parallelogram [J, has
no lattice points except vertices, we can use the bijection n <+ n* together
with the equation k(n) + k(n*) = —2 to obtain

Z (u )2+nn — 1+ Z wv + Z ((uv)2+m(n)+(uv)—n(n))_

neldoNN nesONN nEcNN
7 K(n)=—1 71<R<n)<0

It remains to apply the equalities |X(1)| = |X(2)| and

Z“U+Z Z uy = Zuv.

nec°NN neN
ceX(1) oceX(2) oot st

g

The equality Fg, (X;u,v) =), %o (X) (uwv)® in Proposition 4.1 sug-
gests that the nonnegative integral coefficients 1, (X) may be interpreted as
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generalized stringy Hodge numbers hg;'(X) of the toric variety X for some
rational numbers a € [0,d] N q%Z‘

The following theorem presents a combinatorial interpretation for the
second version of the stringy Libgober-Wood identity (14) using the gener-
alized stringy Hodge numbers of the toric variety X.

Theorem 4.3. Let X be a d-dimensional projective Q-Gorenstein toric va-
riety of Gorenstein index qx associated with a fan 3 and —Kx = ZpGZ(l) D,
the anticanonical torus-invariant Q-Cartier divisor on X. Then the stringy
Libgober-Wood identity is equivalent to

2
Z Yo () <a - Z) = %U(Z) + é Z v(o) -k, (o),

a€l0,dN-7Z oeX(d—1)
ax

where 1, (X) are nonnegative integers as above, v (X) = ZJEZ(d) v(o), and
I_k(0) € Q is the intersection number [—Kx|.[Xs| (cf. Proposition 3.4).
If —Kx is semiample, then

Z wa(2)<0¢—62l> :%U(E)+é Z U(U)-U(AiKX);

a€l0,diN-+7 oeX(d—1)
ax

where A% - is a face of the rational polytope A_k . corresponding to a cone
o €X (cf. Theorem 3.5).

Proof. Using the equality Eg, (X;u,v) =), %o (2) (uv)® from Proposi-
tion 4.1, we obtain

d2
2oz Botr (X3, 1) a1 = ;a = 1)a (D),

i.e., the stringy Libgober-Wood identity (13) is given as

3d? — 5d 1

Z (a? — @) 1o (2) = ch"(X) + gcl(X)-CZtI1(X)-

«

Applying 3=, athe (8) = £ Eyy (X;u, 1) [u=1 =S¢5 (X) [Bat00, Proposition
3.4] a short calculation yields

2
Z o1y (B) = <f2 + Ci) (X)) + écl(X).cjtfl (X)
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and implies

St (0-3) = Lot )Y () + C S v )
4

d 1

= L () + LX) (0
because >, Yo (8) = Egy (X;u,1) [y=1 = ¢§/"(X) [Bat00, Definition 2.1]. To
finish, it remains to note that CStT(X) = v(X) by Corollary 3.3 (cf. [Bat98,
Proposition 4.10)),

c1(X).cfy(X) = [=Ex] . (X) = Y 0(0) 1k, (0)
cex(d-1)

by Proposition 3.4, and

cr(X).ciy (X) = [FEx] . (X) = Y v(o) v (A%g,)
cex(d—-1)

by Theorem 3.5 if —Kx is semiample. O

We formulate one more combinatorial version of the stringy Libgober-
Wood identity containing only intrinsic informations coming from the as-
sociated fan 3 of the toric variety X. To achieve this, we describe the left
side of the stringy Libgober-Wood identity (13) in pure combinatorial terms
using Proposition 4.1.

Theorem 4.4. Let X be a d-dimensional projective Q-Gorenstein toric va-
riety associated with a fan X in Ng and —Kx = ZpEE(l) D, the anticanoni-
cal torus-invariant Q-Cartier divisor on X . Then the stringy Libgober- Wood
identity is equivalent to

2> OgnN[+2- > > (d+r(n)-1)

oceX/(d—2) ceX/(d—1)n'edenNN

+ Z Z (d+k(n")) (d+ K(n') — 1)
ceX/(d)yn'edenNN
(3d? — 5d) 1 ,
=1 Y (2) + gcl(X) el (X),
where X' is a simplicial subdivision of the fan 3 such that ¥'(1) = X(1),
Ue is the relative interior of the parallelepiped Uy, spanned by the primi-
tive lattice generators of a cone o € X3, k 1is the X-piecewise linear func-
tion corresponding to —Kx, and v(X) = 3 c5 4 v(0). The rational number
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c1(X).c5 (X) € Q is computable as

a(X). (X) = Y 0(0) k(o)

cex(d—-1)

where [_g, is the intersection number [—Kx|.[Xs| (cf. Proposition 3.4). If
—Kx is semiample, then

a(X).ef"(X) = Y v(0)-v(A%%,),
oceX(d—1)

where A7 - is a face of the rational polytope A_ (cf. Theorem 3.5).

Proof. We derivate one summand of the stringy E-function

Egr (X;u,v) = Z (uv — 1)d—dim(a) Z (uv)dim(a)—‘,—n(n’).

oeyy n’edenN

from Proposition 4.1 inserted v = 1 twice and get

d2 s+r(n
du2(u_1) Z us )

n’edsNN
=(d-s)(d-—1-s)(u—-1)"2 Y~ )
n’eldsNN
+2-(d=s)(u—1D" N (s m(n)))uTHO
n’edsNN
-1 3 (s 4 k() (s + r(n') — DurtrCI72
n’edgnNN

where o is any s-dimensional cone of ¥'(s). Inserting u =1 the relevant
cones of ¥ are these of dimension d, d — 1, and d — 2, i.e.,

d2

WEStT‘ (X, u, 1)

=2- > |0;NN|

oeX(d—2)

Z Z d+/£ 1)

cey(d—1)n'edenN

+ Z Z (d+ k(n)) (d+ K(n') = 1).

oeX/(d)n’edsnNN

u=1
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By Equation (13), we obtain the equality

2.3 JOgnN[+2- > > (d+r(n)-1)

oceX(d—2) ceX/(d—1)n'edenNN

+ Z Z (d+k(n")) (d+ K(n') — 1)

oceX/(d)yn edenNN
3d* — 5d 1
=BT 5 () 4 Loy (30, ()
12 6
because ¢i"(X) = v(X) by Corollary 3.3 (cf. [Bat98, Proposition 4.10]). Fur-
thermore,

ar(X).cf (X) = [FEx] .y (X) = ) v(0) -k (0)

ceX(d—1)

by Proposition 3.4 and

ar(X).cfy (X) = [Ex] .y (X) = ) v(0)-v(AZ,)

by Theorem 3.5 if —Kx is semiample. O

Recall that a normal projective surface is called log del Pezzo surface if
it has at worst log-terminal singularities and if its anticanonical divisor is an
ample Q-Cartier divisor. Toric log del Pezzo surfaces one-to-one correspond
to convex lattice polygons A C Ny containing the origin in its interior such
that the vertices of A are primitive lattice points in N. These polygons A
are called LDP-polygons [KKN10]. The fan 3 defining a toric log del Pezzo
surface X consists of cones over faces of A. In particular, any LDP-polygon
A is the convex hull of all primitive lattice generators of 1-dimensional cones
of ¥(1). We remark that in general the vertices of the dual polygon A* C Mg
are not lattice points in M.

We propose a new combinatorial identity that is equivalent to the stringy
Libgober-Wood identity (13) and relates the number 12 to LDP-polygons
A:

Corollary 4.5. Let X be a toric log del Pezzo surface defined by a fan 3
in Ng together with the corresponding LDP-polygon A C Ng. Then

v(A) Fo(AT) =12 Y (k(n)+1)*,

neANN
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where Kk the YX-piecewise linear function corresponding to the anticanonical
divisor of X. In particular, one always has v (A) + v (A*) > 12 and equality
holds if and only if A is a reflexive polygon.

Proof. We use the formula for the stringy F-function from Corollary 4.2 and
obtain

Egr (X5u,1) = (u— 1 Z w4+ Z (u2+"”~(n) + u—n(n)) )

neN nenN
r(n)=—1 —1<r(n)<0
Therefore,

d2
WEstr (X, u, 1) u=1

=2+ > (2+&M)(1+ k() + (—K(n)(—k(n) - 1))

O#nerﬁN
=2 Y (k) +1)’=2 > (s(n)+1)°
neA°NN neANN

where A° denotes the interior of the polygon A. By Equation (13), we get
the equality

2% (5(n) + 1) = 2687 (X) + 2e1(X)? = ~(0(A) + 0(A"))

neANN 6 6 6

because 5" (X) = v(¥) = v(A) and ¢1(X)? = v(A*). One has

> (k) +1)* =1

neANN

because the origin is contained in A. Equality holds, if and only if the origin
is the unique interior lattice point n in A. [l

5. Applications to reflexive and Gorenstein polytopes

Let A C Ng be a d-dimensional convex lattice polytope that contains the
origin in its interior. Denote by > a fan in Ny consisting of cones over faces
of A that defines a normal projective toric variety X. The polytope A is
called reflexive if its dual A* = {y € Mg|(y,x) > —1 Vo € A} is also a lattice
polytope. If A is reflexive, then the associated variety X is a Gorenstein toric
Fano variety (i.e., gx = 1).
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We are interested in a combinatorial identity for reflexive polytopes A
that is equivalent to the stringy Libgober-Wood identity (14) for Gorenstein
toric Fano varieties. For this purpose, we observe that the generalized stringy
Hodge numbers v, (¥) in

Estr X;u, U Z wa

a€l0,d|NZ

are equal to the nonnegative integral coefficients ¥4 (A), ..., 10 (A) in the
numerator of the Ehrhart power series

Pa (D)t + -+ 91 (A) t 4100 (D)
(17t)d+1 ’

(16) Pa(t) =

Lemma 5.1. Let A C Ny be a d-dimensional reflexive polytope and X the
associated Gorenstein toric Fano variety. Then

Egtr(X5u,0) = tha () (w0) + -+ 441 (A) (w0) + 10 (A),

e., Yo (X) = 1o (A) for all a € [0,d] NZ, where 1) (X) and 1o (A) are

given as above.

Proof. By Equation (15), we have

Egr (X;u,v) = (uv —1)4 Z (uw)* ™ = (uv — 1)? Z Z (uv)~*,

neN k>0 nenN
K(n)=—k

since the fan ¥ defining X is complete. We note that the number of lat-
tice points n € N such that x(n) = —k equals |[EANN|—|(k—1)ANN]|.
Therefore, we get

Bgr (X3u,v) = (wv — D)7 (1= (u0) ™) > kAN N| (uw) "
k>0

Using the definition of Pa ((uwv)™!) and Equation (16), this implies
d —1\d+1 —1
Egr (X;u,v) = (w0)® (1= (w0) ") + Pa ((wv)™)

A) + - (A) (w0) 4 4o (A) (wv)?
A) () + -+ 1y (A) (wv) + g (A)

because Yy, (A) = 1hg—q (A) for all 0 < a < d [Bat93, Theorem 2.11]. O
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Let A C Ny be a d-dimensional convex lattice polytope that contains the
origin in its interior. If 0 is a face of A, then the face 0* = {y € A*| (y,z) =
—1Vz € #} C A* is the dual face to 0. This establishes a one-to-one order-

reversing correspondence between faces of A and faces of A* such that
dim(0) + dim (6*) = d — 1.

Theorem 5.2. Let A C Ng be a d-dimensional reflexive polytope. Then
the stringy Libgober-Wood identity for the Gorenstein toric Fano variety X
corresponding to A is equivalent to

2
> @ (a-g) —fp@eg X 0o,

a€0,d|NZ o 02Aa
dim(0)=d—2

where Yo (A) are the coefficients in the numerator of the Ehrhart power
series Pa(t).

Proof. Using Lemma 5.1 and Theorem 4.3, we obtain

d\* d 1 .
> ta(d) a=g :EU(E)+6 > (o) v (A%,),
a€l0,dNZ cex(d—-1)

since the anticanonical divisor — K x is ample. It remains to use v (X) = v (A)
and

S owe)v(A%k ) = D w(®) (),

oeX(d—1) 64,

dim(0)=d—2

since A_g, = A*, o is a cone over a face 6 of A, A7 ;. = 6%, and every
facet of A has lattice distance 1 to the origin. O

The well-known identities for reflexive polytopes of dimension 2 and 3
follow from the above statement:

Corollary 5.3. Let A C Ny be a 2-dimensional reflexive polytope. Then
the stringy Libgober-Wood identity is equivalent to

v(A) +v(AY) =12
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Proof. Using Theorem 5.2, we get

1 1

> e (A)(@—1)° = V(&) + ¢ ST ()0 (0Y).
a€0,2]NZ diti(ﬁﬁ:O

Moreover, - ,cp0.2nz Yo (A) (@ — 1)% = 2 because g (A) = 1o (A) = 1. It
remains to apply the equalities

S ow@) v = > v () =v(A)

0=A 0=2A
dim(0)=0 dim(8)=0
that hold because A* is reflexive and v (0) = 1 if dim(#) = 0. O

Corollary 5.4. Let A C Ng be a 3-dimensional reflexive polytope. Then
the stringy Libgober- Wood identity is equivalent to

> v(0) v (0) =24,

dim(0)=1

Proof. Theorem 5.2 implies

2
Z wa(A)<a—;> :%v(A)—i—é Z v(0) v (6%).

a€l0,3]NZ o=a
dim(0)=1

The coefficients 9, (A) in the numerator of the Ehrhart power series P (t)
are Yo (A) =93 (A) =1 and ¢ (A) = 2 (A) = |[AN N| — 4 [Bat93, Theo-
rem 2.11], i.e.,

3\ 9 1
> @) (a-3) =550
a€(0,3]NZ
and we conclude

S u(®) v(67) =27+3 <¢1 (A) - %v (A)) — o,

6=<A
dim(0)=1
where the last equality holds because

v(A) =v(E) = esr(X) = Z Vo (D).

«€[0,3]NZ
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If the dimension d of a reflexive polytope is greater than 3, the identity
in Theorem 5.2 is not anymore a symmetric equation with respect to polar
duality between A and A*. The received identities for reflexive polytopes A
and A* of dimension > 4 are not equivalent to each other. The latter is easy
to see in the case d = 4:

Corollary 5.5. Let A C Ny be a 4-dimensional reflexive polytope. Then
the stringy Libgober- Wood indentity is equivalent to

12-[0ANN[ =2 v(A)+ Y v(0) v(07),

0=A
dim(0)=2

where OA denotes the boundary of A and |0A N N| the number of lattice
points in OA.

Proof. By Theorem 5.2, we have

3 wa(A)(a—2)2:%v(A)+é S ()0 (0.

a€(0,4]NZ 0=A

dim(6)=2

Furthermore, ¢ (A)=v¢4(A)=1 and ¢1(A)=vY3(A)=|ANN|-5
[Bat93, Theorem 2.11], i.e., we obtain

> Ya(A)(@-2°=8+2-(JANN|-5).

a€l0,4]NZ

It remains to apply |[0A N N|=|A N N| — 1 because a reflexive polytope A
has a single interior lattice point. U

One may produce a more “mirror symmetric” identity for arbitrary
4-dimensional reflexive polytopes by summing the equations from Corol-
lary 5.5 for A and A*.

Corollary 5.6. Let A C Ng be a 4-dimensional reflexive polytope. Then

12- (]OANN|+ |0A*NM|) =2 (v (A) +v (A")) + Z v(@)-v(0).
dime( ;)A= 1,2
Let r be a positive integer. A d-dimensional lattice polytope A C Mg
is called Gorenstein polytope of index r if rA —m is a reflexive polytope
for some lattice point m € M. Note that reflexive polytopes are Gorenstein
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polytopes of index r = 1. Denote by ¥ the normal fan in Ny of the polytope
A (or, equivalently, of 7A). The fan ¥ defines a Gorenstein toric Fano variety
X such that its anticanonical class ¢;(X) is divisible by 7 in Pic(X).

There exists a duality for Gorenstein polytopes that generalizes the polar
duality for reflexive polytopes. For this purpose, we associate to every d-
dimensional Gorenstein polytope A C My of index r the (d + 1)-dimensional
cone

Car ={(y,\) e MR R |y € AA} C Mr & R.
The dual cone CX C Ng ® R is defined as
CX = {(x,pn) € Ne ®R | (y,x) + A > 0V(y,\) € Ca}
and the [-th slice CX(I) of CX is defined as the lattice polytope
CX(l) =CXN{(z,n) e Ng®R | (m,x) +ru=1} C Ng ®R.

The lattice polytope A* := CX(1) is again a Gorenstein polytope of index
and is called dual Gorenstein polytope to A. The duality between two (d +
1)-dimensional cones Ca and CX establishes a one-to-one order-reversing
correspondence between faces of Ca and CX that induces a duality between
faces of the Gorenstein polytopes A and A* = CX(1). It is important to
note that the reflexive polytope (rA)* and the Gorenstein polytope A* are
not only naturally combinatorially isomorphic, but this isomorphism also
induces isomorphisms between proper faces of (rA)* and A* considered as
lattice polytopes [BNOS].
The fan ¥ in Ng can be constructed via the projection

Ne®R — (NR @R)/R(n,r) =~ Ng

of all proper faces of the cone CX along the 1-dimensional subspace generated
by the unique interior lattice point (n,r) in the reflexive polytope CX(r).

It is well-known [BD96, Corollary 7.10] that the stringy Euler number of
a generic Calabi-Yau hypersurface Z in a Gorenstein toric Fano variety X
can be computed via volumes of faces 8 < A and 0* < A* of d-dimensional
reflexive polytopes A respectively A* as
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Using our previous results and the duality between faces § < A and
0* < A* of Gorenstein polytopes A respectively A*, we can generalize this
combinatorial formula to the case of generic Calabi-Yau complete intersec-
tions in Gorenstein toric Fano varieties.

Theorem 5.7. Let X be a Gorenstein toric Fano variety associated with
a d-dimensional Gorenstein polytope A C My of index r and D an ample
torus-invariant Cartier divisor on X such that [D] = 2¢1(X). Denote by
Zi,...,Zy € X generic semiample Cartier divisors such that [Z1] =--- =
[Z,] = [D] = Le1(X). Then the stringy Euler number of the Calabi-Yau com-
plete intersection S = Z1 N --- N Z, 18

d—r—1
FAUES SIS G I SERTORICY

k—0 o=a
dim(0)=k+r

+ (=1)% <f - 1) v(A).

Proof. By Corollary 3.7, we have

d—r
GROES WE GN I DRI}
k

=0 ceX(d—r—k)

where Y is the associated fan to X and A, a face of the lattice polytope
Ap. Let o be a (d — r — k)-dimensional cone of ¥ (0 < k < d —r —1). Then
o can be considered as a cone over a (d — r — k — 1)-dimensional proper face
of the reflexive polytope (rA)*, which we naturally identify with the corre-
sponding proper face 6* < A* of the dual Gorenstein polytope A* [BNOS,
Proposition 1.16]. Therefore, we obtain v(c) = v(#*). On the other hand,
the lattice polytope Ap is exactly the Gorenstein polytope A and 6* is the
dual face to a (k + r)-dimensional face A%, = 6 of A. This implies

Yo wlo)w(ah)= Y (@) uO)= Y w(B)-v ()

ceX(d—r—k) 0*<A* 0=A
dim(0*)=d—k—r—1 dim(0)=k+r

forall 0 <k < d—r — 1. It remains to note that in the case k =d — r (i.e.,
dim(o) = 0), one has A}, = A, v (A}) = v(A), and v(o) = 1. O
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The combinatorial formula from Corollary 5.4

24= > v(0)-v(07)

0=<A
dim (6)=1

for a 3-dimensional reflexive polytope A can be generalized for arbitrary
d-dimensional Gorenstein polytopes A (d > 3) of index r = d — 2.

Proposition 5.8. Let A C Mg be a d-dimensional Gorenstein polytope of
index r =d— 2. Then

0=<A
dim(0)=r

Proof. Let S = ZyN---N Z,. be a generic Calabi-Yau complete intersection
in the Gorenstein toric Fano variety X associated to A, i.e., Z1,...,Z,. arer
generic ample Cartier divisors on X such that [Z1] = -+ = [Z,] = 1¢1 (X).
Then dim(S) =2, i.e., S is a (possibly singular) K3-surface. The stringy
Euler number ¢35 (S) of S equals the usual Euler number ¢;(S) of the mini-
mal (crepant) desingularization S of S. Since S is a smooth K 3-surface, we

have 5" (S) = ¢2(S) = 24. Using Theorem 5.7, we obtain

24 = c§" (S) = z; v(0) v (%) — 1 Z; o(6) v (6" + —Zl)rv(A).
dim(8)=r dim(8)=d—1

Since rA is a reflexive polytope, one has

rdv(A) =o(rlA) = Z v(rd) = rd=t. Z v(0).

ro=<rA 6=<A
dim(r0)=d—1 dim(0)=d—1

Moreover, v(0*) = 1 if dim(6*) = 0. It remains to apply the equalities

dTow@ v = D w(6) =rv(A).

0=A 0=<A
dim(6)=d—1 dim(6)=d—1
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It was proved in [BJ10, Proposition 3.4] that the combinatorial identity

12="Y " wv(0) v (0%

0=<A
dim(0)=1

holds for any 3-dimensional Gorenstein polytope A of index 2. We show
that this identity can be generalized for arbitrary d-dimensional Gorenstein
polytopes A (d > 3) of index r =d — 1.

Proposition 5.9. Let A C My be a d-dimensional Gorenstein polytope of
indexr =d— 1. Then

0=<A
dim(0)=r—1

Proof. Let S:=7yN---NZ._1 be a generic complete intersection in the
Gorenstein toric Fano variety X associated to A, i.e., Z1,...,Z,_1arer — 1
generic ample Cartier divisors on X such that [D] == [Z] =--- = [Z,_1] =
%01 (X). Then dim(S) = 2, i.e., S is a (possibly singular) del Pezzo surface.

str

The stringy Euler number ¢35 (S) of S equals the usual Euler number ca(S5)
of the minimal (crepant) desingularization S of S. Then S is a smooth

rational surface and we have ¢5(S) = () respectively c¢1(5)? = ¢1(9)2.
Using Noether’s Theorem for S, we obtain

12 = ¢(S) + c1(S)2 = & (S) + 1 (S)2.

It remains to derive combinatorial formulas for ¢; (S)* and ¢ (S). By the
adjunction formula, the anticanonical class of S is the restriction of ¢1(X) —
(r —1)[D] = [D] to S. Therefore, ¢; (S)* = [D]2.[D]"~! = [D] = v(A). By
Corollary 3.7, we have

" (S)= Y w(o)-v(Ap) = (r=1)- Y v(0)-v(A})

cEX(2) oex(1)
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Using the same arguments as in the proof of Theorem 5.7, we can rewrite
the above equation as

ST (S)= D w®) - vE)—(r=1)- > v(@) v ()

0=A 6=<A
dim(0)=d—2 dim(0)=d—1

r(r2— 1)1)(A).

Using the last equation

> w(0) v (07) =ro(A)

0=<A
dim(0)=d—1

in the proof of Proposition 5.8, we obtain

)= > vl @),
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