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Several independent articles have observed that the Hirzebruch y,-genus
has an important feature, which we call —1-phenomenon and which tells
us that the coefficients of the Taylor expansion of the x,-genus at y = —1
have explicit expressions. Hirzebruch’s original x,-genus can be extended
towards two directions: the pluri-case and the case of elliptic genus. This
paper contains two parts, in which we investigate the —1-phenomena in
these two generalized cases and show that in each case there exists a —1-
phenomenon in a suitable sense. Our main results in the first part have an
application, which states that all characteristic numbers (Chern numbers
and Pontrjagin numbers) on manifolds can be expressed, in a very explicit
way, in terms of some rational linear combination of indices of some elliptic
operators. This gives an analytic interpretation of characteristic numbers
and affirmatively answers a question posed by the author several years ago.
The second part contains our attempt to generalize this —1-phenomenon to
the elliptic genus, a modern version of the x,-genus. We first extend the el-
liptic genus of an almost-complex manifold to a twisted version where an ex-
tra complex vector bundle is involved, and show that it is a weak Jacobi form
under some assumptions. A suitable manipulation on the theory of Jacobi
forms will produce new modular forms from this weak Jacobi form, and
thus much arithmetic information related to the underlying manifold can be
obtained, in which the —1-phenomenon of the original x,-genus is hidden.
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1. Introduction

The Hirzebruch x -genus and its —1-phenomenon. In his highly influential book,
Hirzebruch [1966] defined a polynomial with integral coefficients x,(M) given
a projective manifold M, which encodes the information of indices of Dolbeault
complexes and is now called the Hirzebruch x,-genus. After the discovery of the
general index theorem due to Atiyah and Singer, we know that x, (-) can be defined
on compact almost-complex manifolds and computed in terms of Chern numbers
as follows.

Suppose (M, J) is a compact connected almost-complex manifold with an
almost-complex structure J. The choice of an almost Hermitian metric on M
enables us to define the Hodge star operator * and the formal adjoint 3* = — % 9%
of the d-operator. For each pair 0 < p, g < d, we denote by

QPIUM) =T (APT*M Q@ A1T*M)

the complex vector space which consists of smooth complex-valued (p, ¢)-forms.
Here T*M is the dual of the holomorphic tangent bundle 7M in the sense of J.
Then for each 0 < p < d, we have the Dolbeault-type elliptic differential operator

(3+3%)
Q}Q%%M)——J$€BQ%%ML
g even g odd

whose index is denoted by x” (M) in the notation of [Hirzebruch 1966]. Then the
Hirzebruch x,-genus of M is nothing but the generating function of the indices
x?(M) (0<p<=<d):

d
Xy(M) =) " xP(M)-yP.

p=0
Let us denote by x1, ..., x4 the formal Chern roots of TM. This means that the
i-th elementary symmetric polynomial of x1, ..., x4 represents the i-th Chern class

c¢; of TM. Then the general form of the Hirzebruch—Riemann—Roch theorem (first
proved by Hirzebruch [1966] for projective manifolds, and in the general case by
Atiyah and Singer [1968]) tells us that

d )
i(1 s
(1-1) xy<M>=/M1_[x(+—ye_)-

Among other things, the Hirzebruch y,-genus has an important feature, which we
call the “—1-phenomenon” and has been noticed, implicitly or explicitly, in several
independent articles [Narasimhan and Ramanan 1975; Libgober and Wood 1990;
Salamon 1996]. This —1-phenomenon says that at y = —1, the coefficients of the
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Taylor expansion of x,(M) have explicit expressions. To be more precise, if we
write

d
(1-2) Xy(M) =:) " a;(M)- (y+ 1),
i=0

then these a; (M) can be given explicit expressions in terms of Chern numbers of
(M*, J) as

ao(M) = cq,
ar(M) = —3deq,
(1-3) ax(M) = $5[3d(3d = 5)ca+cica-1],

az(M) = —5;[3d(d —2)(d — 3)cq + (d — 2)crcq-1].

By definition, these a; (M) are integers. Thus, immediate consequences of their
expressions include divisibility properties of Chern numbers. The derivation of
these expressions is direct, i.e., by expanding the right-hand side of (1-1) at y = —1
and expressing the coefficients in terms of elementary symmetric polynomials of
X1,...,xq4. The calculations of ag and a; are quite easy. The calculation of a»
appears implicitly in [Narasimhan and Ramanan 1975, p. 18] and explicitly in
[Libgober and Wood 1990, p. 141-143]. Narasimhan and Ramanan used a; to
give a topological restriction on some moduli spaces of stable vector bundles on
smooth projective varieties. Libgober and Wood used a; to prove the uniqueness
of the complex structure on Kihler manifolds of certain homotopy types. Inspired
by [Narasimhan and Ramanan 1975], Salamon applied a; [1996, Corollary 3.4]
to obtain a restriction on the Betti numbers of hyper-Kéhler manifolds [ibid.,
Theorem 4.1]. The expressions of a3 and a4 are also included in [ibid., p. 145].
Hirzebruch [1999] used a;, a; and a3 to obtain a divisibility result on the Euler
characteristic of those almost-complex manifolds where cicy—; = 0. In particular,
those almost-complex manifolds with ¢; = 0 satisfy this property.

Pluri- x y-genus. Some acquaintance with index theory will lead to the observation
that x, (M) is the index of the Todd operator (whose index is the Todd genus)

(1-4) Qoeven (pr) (3+—3*)\0) QU047

twisted by €2, (M), with

d
QM) =Y AP(T*M)-yP € K(M)[y],
p=0
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where A?P(-) and K (-) denote the p-th exterior power and K-group. Therefore
Xy(M) can be rewritten as

X (M) = Tnd((@ +3%)o ® 2,(M)) =: x (M, 2,(M)).

Here, for simplicity we denote by the standard notation y (M, (-)) the index of
the Todd operator (1-4) twisted by an element (-) € K(M).

We can also consider, for an arbitrarily fixed positive integer g, the pluri x ,-genus
Xy(M) by using sufficiently many forms of the type

(1-5)  QM):= Y AP(TTM)®--- @ AP (T M) -yl -yt

=QyM)®---®Qy (M) € K(M)[y1, ..., y]
to twist (3 4 8%)]o, i.e.,
Xy (M) :=Ind((d +8%) 0 ® 2y (M)) = x (M, 2y (M)),

which specializes to Hirzebruch’s original x,-genus when g = 1.

Inspired by the above-mentioned —1-phenomenon of the x,-genus, we may ask
what the coefficients look like if we expand x,(M) at y; =--- =y, = —1. Our
first main observation in this article is that the coefficients of (y 4+ 1)P' - - - (y 4 1)Ps
in x,(M) can be divided into three parts, which is our main result in Section 3
(Theorem 2.2). Moreover, we can do a similar manipulation for signature operator
on closed smooth oriented manifolds, and their coefficients also have a similar
feature (Theorem 2.3). A direct corollary of these two theorems is that any Chern
number of (M>¢, J) or any Pontrjagin number of a closed smooth oriented manifold
can be written explicitly as a rational linear combination of indices of some elliptic
operators, which provides an analytic interpretation of characteristic numbers and
answers [Li 2011, Question 1.1] affirmatively.

Elliptic genus. Elliptic genera of oriented differentiable manifolds and almost-
complex manifolds were first constructed by Ochanine, Landweber, Stong and
Hirzebruch in a topological way; Witten gave it a geometric interpretation, in which
they can be viewed as the loop space analogues of the Hirzebruch L-genus and
xy-genus (see [Landweber 1988] and the references therein). The most remarkable
property of elliptic genera is their rigidity for spin manifolds and almost-complex
Calabi—Yau manifolds (in the very weak sense that c¢; vanishes up to torsion, i.e.,
c1 =0 e H*(M, R)), which was conjectured by Witten and generalizes the famous
rigidity property of the original L-genus, A-genus [Atiyah and Hirzebruch 1970]
and x,-genus [Lusztig 1971]. The first rigorous proof was presented in [Bott
and Taubes 1989; Taubes 1989]. A quite simple, unified and enlightening proof
was discovered by Liu [1996], in which modular invariance of the four classical
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Jacobi theta functions and their various transformation laws play key roles. Later
on, this modular invariance property, its various remarkable extensions and relation
with vertex operator algebra were established by Liu and his coauthors from various
perspectives [Liu 1995a; 1995b; Liu and Ma 2000; Liu et al. 2001; 2003; Han and
Zhang 2004; Dong et al. 2005; Chen and Han 2009; Chen et al. 2011; Han et al.
2012; Han and Liu 2014].

We are concerned in this paper with the elliptic genus of almost-complex mani-
folds. The elliptic genus of a compact, almost-complex manifold (M?¢, J), which
we denote by Ell(M, t, z), is defined as a function of two variables (7, z) € H x C,
where H is the upper half plane. To be more precise, Ell(M, t, z) is defined to be
the index of the Todd operator (1-4) twisted by

Y RA 1 T*®A_y1n T RS T* @Sy T) =: By,

n>1

ie,BIl(M,t,2):=x(M,E, ), where g = eVt y= V=l and T (resp. T%)
is the holomorphic (resp. dual of the holomorphic) tangent bundle of M in the sense
of J. Here, for any complex vector bundle W,

A (W) = @ A (W) and S, (W) := @ SH(W)

i>0 i>0

denote the generating series of the exterior and symmetric powers of W, respectively.
According to the Atiyah—Singer index theorem, we have

Ell(M, 7, 2)
= / td(M) - ch(E,.,)
M

=y (M) +q- Ty 2y (M, T*A =)+ T (L —y " NI+4> (),

where

d
Xi
(M) := ]1 o
is the Todd class of M and ch(-) is the Chern character.

Thus, the elliptic genus Ell(M, t, z) can be viewed as a generalization of the
Hirzebruch y,-genus, in the sense that the g°-term of the Fourier expansion of
Ell(M, 7, z) is essentially x,(M). If (M 24 J) is Calabi—Yau, the coefficients of ¢-
expansion of Ell(M, 7, z) are rigid for arbitrary y [Liu 1996, Theorem B]. Moreover,
in this case, Ell(M, t, 7) itself is a weak Jacobi form of weight 0 and index %d
[Gritsenko 1999b, Proposition 1.2; Borisov and Libgober 2000, Theorem 2.2].
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As we have mentioned above, the elliptic genus Ell(M, 7, z) can be viewed as a
generalization of x, (M), and also has a rigidity property when M is Calabi—Yau.
So we may ask in the Calabi—Yau case whether Ell(M, 7, z7) has some kind of
arithmetic phenomenon which extends the original —1-phenomenon of x,(M).
Note that, strictly speaking, EIl(M, 7, z) is a generalization of y_, (M) rather than
Xy(M), as the g°-term of Ell(M, 1, 7) is y*d/zx_y(M). So if there exists some
kind of phenomenon which extends the original —1-phenomenon of x, (M), the
parameter y = " V=12 ghould correspond to 1 rather than —1. Thus the variable z
should correspond to 0. Indeed, there does exist such a kind of generalization, which
depends on some arithmetic properties of Jacobi forms and has been implicitly
used by Gritsenko [1999b]. Our aim in Section 3 is twofold. On the one hand,
given a compact almost-complex manifold (M?¢, J) and a rank-/ complex vector
bundle W over it, we construct a generalized elliptic genus Ell(M, W, 7, z), which
is defined to be the index of the Todd operator (1-4) twisted by

00 2(d-1)
[]‘[(1 — ql):| PR Ay WAy 1 W RS T* @Sy T),
i=1

n>1

and show that it is a weak Jacobi form of weight d — [ and index %l if the first
Pontrjagin classes p;(M) equals p;(W) and the first Chern class ¢; (W) is O in
H*(M, R). On the other hand, we highlight a well-known manipulation in Jacobi
forms to obtain modular forms from Ell(M, W, 1, z), whose arithmetic information
will in turn give geometric results on M and W. Some examples are given to
illustrate this observation.

2. —1-phenomenon of the pluri- ,-genus

Statements of the main results related to the pluri- x ,-genus. Let (M 2n_J) (resp.
X?") be a compact almost-complex manifold of complex dimension 7 (resp. smooth,
closed oriented manifold of real dimension 2n). As before, we use (3 + 3*)|o to
denote the Todd operator on (M?", J), whose index is the Todd genus of M. We
denote by D the signature operator on X, whose index is the signature of X"
[Atiyah and Singer 1968, Section 6]. By definition Ind(D) is zero unless n is even.

Let W be a complex vector bundle over M or X. By means of a connection on
W, the elliptic operator (34 9%)|p and D can be extended to a new elliptic operator
((043%)|0)® W and DQ W, whose indices via the Atiyah—Singer index theorem are

X (M. W) = Ind(((3 +3)]o) ® W) = /M [td(M) - ch(W)]

n X;
B /M|:E 1—e 'Ch(W)]




—1-PHENOMENA FOR THE PLURI x,-GENUS AND ELLIPTIC GENUS 337

and
n
Xi
Ind((D®W)) = / [( —) -Ch(W)}
X E tanh (x; /2)
respectively. Here we use the i-th elementary symmetric polynomial of x, ..., x,
(resp. xlz, Cl, x,%) to denote the i-th Chern class (resp. Pontrjagin class) of (M T
(resp. X,
Definition 2.1. For an arbitrary fixed positive integer g, we define
Q;(M) — Z Ap‘(T*M)®--'®Apg(T*M)-yf71'--yé{)g
0=pi1,.-, Pg=n
= le(M) Q- ®ng(M) € K(M)[YI’ RN} yg],
QH;(X) — Z Apl(TgX)®--'®Apg(T€X)-yf71 "'}’£g

= Q5 (X)®--- @) (X) € (KOX)®O)y1, ..., ¥l

where
2n

QF(X) = AP(TEX) - yP
p=0

and T X is the dual of the complexified tangent bundle of X, and

Xy(M) := Z Ind[(3 + 3]0 ® (AP(T*M) ® - -- @ APs(T*M))]
0<pi,..., Pe=<n
PP yP ke
- / ]_[ T ch(R, (M)
- M e 1 _efx,- X
Dy(X) := Z Ind[D® (AP(TEX)® -+ @ AP (TEX)] -y -+ yg*
0<pi,....,pg<2n

- n x—l . R
a /X[(E tanh (x; /2)> ch(Qy (X))],

Our main result in this section is:

Theorem 2.2. The coefficient of (1 +y1)" 9" --- (14 yg)" "9 in X;’(M) is equal to
0 if 2?721 qi > n,
g
/ chi(M) ifo:l qgi =n,
M

a rational linear combination of Chern numbers of M if Zle qgi <n.

We have a similar result for smooth manifolds.
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Theorem 2.3. Ifn is even, the coefficient of
1+ y1)2(fl_q1) G +yg)2(n—qg)
in DX (X) is equal to
0 . if Y8, qi > 3n,
(—D"/2.2m. fX [ra if Y5 qi =3,
a rational linearlc:olmbination of Pontrjagin numbers of X if Zf: 149i < %n,
where p;(X) is the i-th Pontrjagin class of X.

Clearly, a direct corollary of this theorem is the following result, which gives an
affirmative answer to [Li 2011, Question 1.1].

Corollary 2.4. Any Chern number (resp. Pontrjagin number) on a compact almost-
complex manifold (resp. compact smooth manifold) can be expressed in an explicit
way in terms of the indices of some elliptic differential operators over this manifold.

Proofs of Theorems 2.2 and 2.3. Abusing notation, we use ¢,(---) to denote
both the g-th Chern class of an almost-complex manifold and the ¢-th elementary
symmetric polynomial of the variables in the bracket.

The proofs of Theorems 2.2 and 2.3 depend on the following lemma:

Lemma 2.5. If we assign each x; (1 <i < n) the same degree, then we have:

n
(1) the coefficient of (1+ )" 9 (0<qg <n)in [[(1+ye ™) is
i=1

cq(x1, ..., X,) + higher-degree terms;

(2) the coefficient of (1 + y)21=9) (0 < g<n)in [[(A+ye ™)1+ ye*i) is
i=1

G (xlz, e xi) + higher-degree terms.
Proof. We have
n n n
[Ja+ye ) =]]ld—e)+A+ye 1= []l(e" =)+ 1+ )]
i=1 i=1 i=1
Thus the coefficient of (14 y)"~9 in []/_, (1 + ye ™) is

e Vocy(e" —1,...,e" —1)=cy(x1, ..., x,) + higher-degree terms.
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Similarly,

n

[Tt +ye™ ) +ye™) =it — D+ 1+ e = 1+ A+ )],

i=l i=1

and the coefficient of (1 + y)?*~¢ is

g =1, .., e =1, e —1,..., e —1)
=cq(x1,..., Xy, —=X1, ..., —X,) + higher-degree terms.
Note that
0 if ¢ is odd,
Calits oo =0 ) = {(—1)4/2cq/2(x12, ., x2) if g is even,
This gives the desired property. U

Now we can prove Theorems 2.2 and 2.3.

Proof. If we use xy, ..., x, (resp. xy, ..., X, —X{, ..., —X) to denote the formal
Chern roots of TM (resp. Tc X), then we have (see [Hirzebruch et al. 1992, p. 11])

ch(Qy (M) = 1‘[[]‘[(1 +yje) }

j=1
and
g n
ch(Q (X)) = ]‘[[]_[(1 +yje (1 +y;et ]
j=1ti=1
Thus,
n Xi
Xy (M) = /M [(1] — e) -ch(szy<M>>]
n g n
~ [ \(T=) T[T e
and
R _ - Xi ) R
tnd(Dy (%)) = /X[(H tanh(x,-/z)) ity (X))]

i=1

= I

n

8
/{(HW) ]_[[]_[(1+yje_x")(1+y,~e’“)]}.
! =1ti=1
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Note that the constant terms of

Xi Xi _xi(I+e™)

=14+-.. d — =24...
—en T M /2 l—e +
are 1 and 2 respectively. So by Lemma 2.5, when considering the Taylor expansions
of Ind(Dy(M)) and Ind(D”yQ(X)) at y; =--- = yg = —1, the coefficients before the

terms (14 ;)" --- (1 _Fyg)n—qg and (14 ;)= ... (1 4 )2~ are

g
/ {(1 + higher-degree terms) - H[C‘b‘ (x1, ..., x,) + higher-degree terms]}
M ,
j=1

g
= / ch,. (M) + / (higher-degree terms)
M M

and

g
/ {(2"+higher—degree terms)-l_[[(—l)qf Cq, (x12, - x,f)—l—higher degree terms]}
X . .
Jj=1

g
=2". (—1)Z§=1 4 f 1_[ Pg: (X) +f (higher degree terms),
X X
j=1

respectively, which give the desired proofs of Theorems 2.2 and 2.3. (]

3. The generalized elliptic genus and its —1-phenomenon

The generalized elliptic genus of almost-complex manifolds. In this subsection,
we extend the original definition of the elliptic genus of almost-complex manifolds
by considering an extra complex vector bundle and showing that it is a weak Jacobi
form. As before, let (M??, J) be a compact almost-complex manifold and W a
rank-/ complex vector bundle over it.

Definition 3.1. The generalized elliptic genus of (M?¢, J) with respect to W, which
we denote by Ell(M, W, 1, z), is defined to be the index of the Todd operator

QO,even(M) (8+0")o QO,odd(M)
twisted by

Dy Ayt W* @ A_y10 W @ Sn T* @ Sn T) =: E(W. g, ),
n>1

where

2w/ =1t _ eZﬂ./—lz
k) - k]

q=e y

and for simplicity ¢ := [, (1 — g"). If W = T, this definition degenerates to the
original elliptic genus.
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Our first observation in this section is the following, which extends [Gritsenko
1999b, Proposition 1.2; Borisov and Libgober 2000, Theorem 2.2], in which W =T

Theorem 3.2. The generalized elliptic genus EN(M, W, t, ) is a weak Jacobi form
of weight d — | and index %l provided that the first Pontrjagin classes p1(M) equals
p1(W) and the first Chern class c;(W) is 0 in H*(M, R).

Remark 3.3. (1) A two-variable function ¢(t, z) for (7, z) € Hx C is called a weak
Jacobi form of weight k and index m for k € Z and m € Z/2 if it is a holomorphic
function with respect to the two variables t and z, has no negative powers of ¢
in its Fourier expansion in terms of ¢’ y/ and satisfies some transformation laws
involving k and m; the precise definition can be found in [Eichler and Zagier 1985,
p- 9, p. 104]. There, only the integral indices are considered. However, with minor
modifications of inserting a character, this notion can be easily extended to the case
where the index is allowed to be a half-integer (see [Gritsenko 1999b, p. 102]).

(2) Motivated by his ingenious proof of the rigidity theorem, Liu constructed a
two-variable function for (M, J) and W and showed that it is a weak Jacobi form
under some assumptions, and the original Witten theorem exactly corresponds to
the case where the index is equal to zero [Liu 1995b, Theorem 3, Corollary 3.1].
This construction later was generalized to the family case by Liu and Ma [2000,
Theorem 3.1]. So our theorem has a similar flavor to their work.

(3) Gritsenko [1999a, Theorem 1.2] further extended the original elliptic genus to
another case where an extra complex bundle is involved. But his construction is
different from ours as it is still of weight zero.

The Atiyah—Singer index theorem tells us that
UM, W, 7.2) = [ (M) -ch(EW.q. )
M

In particular, if J is integrable, EIl(M, W, t, 7) is the holomorphic Euler charac-
teristic of the (virtual) bundle E(W, ¢, y).
Let us recall one of the Jacobi-theta series [Chandrasekharan 1985, Chapter 5]:

0(r,2) = Z(—])”q("+1/2>2/2yn+1/2

nez

o¢]
=2cq' P sin(rz) [ [ —q" (A —¢"y™")

n=1

=2¢q"/* sinh(7+/~12) 1_[(1 —q"y)(1—q"y™h

n=1

0
=2cq"/* sinh(m v/~ 12) [ [(1 = ¢"e™V 1) (1 — g"e ™27V,

n=1
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The following lemma says that Ell(M, W, t, z) can be expressed in terms of
0(t, 2).

Lemma 3.4. If we denote by 2t/ —1x; (1 <i <d)and2n~/—1w; (1 <i <) the
Chern roots of TM and W, respectively, then we have

Ell(M, W, 7,2)

d
:A[exp(w).(n(z))“‘i’ 1_[ 27/~ 1 1_[9(1' wj— }

0(t, x;)

where

o.¢]
(@) =q"* c=q"* 14"

is the famous Dedekind eta function. In particular, EN(M, W, t, 7) is a holomorphic
Sfunction with respect to the two variables t and z and has no negative powers of q
in its Fourier expansion.

Proof. We have
ch(E(W.q, y))

I
_ C2(d—l)y—l/2 1—[(1 _ ye—znﬁw,)

j=1
lo_O[Hlj:l(l_yqne—Zn\/—ilw_/)(l y lqneZJTFW)
X
n=1

H?:l(l — qne—Zﬂ\/?lx,-)(l _ anZU\/jlx,-)

l
_ CZ(d—l)y—l/z 1—[(1 _ ye—znﬁw,-)

j=1
8 li[ O(t,wj—2) li[ 2¢q'/® sinh(7r /—1x;)
il 2¢q"/8 sinh(r /= 1(w; — 2)) ple 0(z, xi)
ci(M) — ¢ (W) o e A

j=1

The last equality is due to the fact that

d /
Cl(M) :ZZJT«/—_IXZ' and Cl(W) = Z?JT«/—_IIU]'.

i=1 j=1
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Therefore,
Ell(M, W, 1,2)
2 /= 1x;
3 / td(M) - ch(E(W. q. y)) = / Hl_”i;);x, ch(E(W. ¢, 7))
d
:flw[exp(—CI(M)EQ(W)) '(77(7))3(d_l)'1_[ n(\/j% He(f wj = }
i=1 2 j

The holomorphicity of Ell(M, W, 1, z) is now clear from this expression, as
the Jacobi theta function 6 (7, z) only has zeroes of order 1 along z =m;| +mat
(m1, my € Z) [Chandrasekharan 1985, p. 59]. Also it is obvious from this expression
that EIl(M, W, 7, z) has no negative powers of ¢ in its Fourier expansion. U

Proof of Theorem 3.2. SL,(Z) is generated by the two matrices

0 -1 1 1
(1 0) and (0 1) .
To verify that EIl(M, W, t, z) satisfies the required transformation laws, it suffices
to show the four identities

(3-1)  EU(M,W,t+1,z) =EI(M, W, 1, 2),

(3-2)  EIN(M,W,t,z+1)=(=D'EI(M, W, 7, 2),

(3-3)  EINM, W, 1,z+1) = (=D exp (—m~/—1I(t +22)) EIl(M, W, 1, 2),
(3-4) EIU(M, W, —1/7,z/t) = % exp(mrv/—1122/T) El(M, W, T, 2).

For Dedekind eta function n(t) and Jacobi theta function 6(z, z) we have trans-
formation laws [Chandrasekharan 1985]:

1 T 3/2
3 _ 3
n (—;) = (ﬁ) n(7),

P +1) = exp(”‘ﬁ__l)n%),

0(t,z+1)=—-0(z, 2),
0(t,z24+1)=—q exp(—2nv/—12)0(1, 2),

1
O(r+1,7) = exp(”*i_>9(r, 2),

| c \I/2 )
9(_;, Z) = _\/__1(«/——_1) exp(mv/—1tz2)0 (1, 12).
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The first three identities (3-1)—(3-3) are easy to verify by using the transformation
laws above. Here we only need to check (3-4) carefully. Indeed,

d

d 1/2
(3-5) ]‘[9(—%, xl-) - ]3 —\/—_1<\/L__1> exp(r/—Ttx2)6(z, Tx;)

i=1
p1 (M) d ( T )1/2
= | |—«/—1 — 0.
eXp<4nJ_ —1) i V=1 6(z. 7xi)

Here, we use the assumption that

d
pi(M) =) Qr/~1x)%.
i=1

Similarly,

1 z
(3-6) ]‘[0(—;, w; — ;)

! 2
= l_[ —\/—_1(\/L__1)1/2 eXp(T[\/—_l‘L' (U)j - %) )9(7, TW; —2)
=1

(0TI [

1/2
\/_> O(t, Tw; —2).

In the last equality, we used the assumption that
!
c1(W) = 2m/—Tw; =0.
j=1

Combining the transformation law of n(t), (3-5), (3-6) and the fact that p; (M) =
p1(W) leads to

Eu(M, w, -1 5)
T T

G (O
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dei <7T«/—llzz>
exp[ ———
T

c1(M) —c1 (W) 2/ —1x;
X/M[exp(f)( ())*“~ “1_[ FTe U@(r Tw; — ]

o)
T

=T

=T ' exp

c1(M) —ci (W) 27/—1(tx;)
></M|:exp<f)( (r))*“~ ”1_[ prom— H@(r rwj—z)]

d-1 <7T*/—_”ZZ>

=1°""exp

c1 (M) —c1 (W) 21/~ 1x;
X/M[e’(p(f)( (1))}~ 1)1_[ o l:[e(r wj—z)]

V=11z?
e exp(u> EI(M, W, 7, 2)
T
The penultimate equality is due to the fact that in the integrand we are only
concerned with the homogeneous part of degree d (deg(x;) = deg(w;) = 1). This

completes the proof of Theorem 3.2. ]

Algebraic preliminaries. Before discussing the arithmetic properties of the gener-

alized elliptic genus Ell(M, W, , z), we need to review a well-known manipulation

in algebraic number theory which helps derive modular forms from Jacobi forms.
Recall that the Eisenstein series Gy (t) are defined to be

B o0

2%

Gou (1) := i + ZUZk—l(n) -q",
n=1

[Hirzebruch et al. 1992, p. 131], where

or(n) = Z mF

i
and the By, are the Bernoulli numbers.

These Gy (t) carry rich arithmetic information. It is well-known that Gy ()
(k = 2) are modular forms of weight 2k over the full modular group SL;(Z) and
the whole graded ring of modular forms over SL,(Z) are generated by G4(7) and
Ge(t). However, G,(t) is not a modular form but a quasimodular form, as it
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transforms as [Hirzebruch et al. 1992, p. 138]

at+b
ct+d

c(ct+d)
4/ —1
The next proposition, which is a well-known fact in algebraic number theory

and has been used implicitly by Gritsenko in the proof of [1999b, Lemma 1.6],
provides us with a method for deriving modular forms from Jacobi forms.

(3-7) Gz( ) =(ct +d)2G2(7:) — for all (i Z) € SLy(Z).

Proposition 3.5. Suppose a function ¢(zt, z7) : H x C — C satisfies

at+b Z X 27 /—1mcz?
3-8 , = d =2 )0, 2),
(3-8) (p(cr+d cT —i—d) (ct+d) exp( ct+d ¢(@.2)

for all (f Z) € SLy(2), i.e., p(z, z) transforms like a Jacobi form of weight k and
index m.
Then, if we define

d(1,2):= exp(—8n2mG2(r)zz)<p(r, 2),

we have

aTt ‘Jl‘b Z k
3-9 () , = ) d(t, 7).
(3-9) <C‘L’+d cr—i—d) (T +d) (7 2)

This means that if we set

O(1,2) =) an(v)-7",

neZ

then

at+b
a, (CT - d) = (ct + )" a, (v).

In particular, if ¢(t, 7) is a weak Jacobi form of weight k and index m, then
these a, (1) are modular forms of weight k 4+ n over SL,(Z).

Proof. Equation (3-9) can be verified directly by using the assumption (3-8) and
the transformation law (3-7). If, moreover, ¢(t, z) is a weak Jacobi form, then
(7, z) and thus ® (7, z) are holomorphic and have no negative powers of g when
considering their Fourier expansions in terms of ¢ and y. This implies that these
an(t) are also holomorphic and have no negative powers of ¢ when considering
the Fourier expansions of g, which gives the desired proof. ([

With the assumptions in Theorem 3.2 understood, we know that EIl(M, W, 7, z)
is a weak Jacobi form of weight d —/ and index %l . Then Proposition 3.5 tells us:
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Proposition 3.6. The series a,(M, W, T) determined by
expll - Ga(7) - (27r«/—1z)2] -EIl(M, W, t,2) = Zan(M, W, 1) Qav—12)"

n>0

are modular forms of weight d — | + n over SLo(Z). Furthermore, the first three
series of a,(M, W, T) are of the form

ag(M,W,t) = x(M,A_1W¥)
+q-x (M, A W*Q(=2(d—1) =W =W*+T+T*)+q*(---),

l
ar(M,W,7) = (=17 (p= 3 )X (M APW) -0,
p=0

! 2
@ (M, W) = =L (M A W) +3 3 (07 (p=2 ) X (M, AP W) g- ().
p=0

Proof. The first statement is a direct application of Proposition 3.5 as EIl(M, W, t, z)
is a weak Jacobi form of weight d — [ and index %l . For the second one, if we set

exp[lG2 () 2nv/—12)* 1 =: Ag() + A1(y) g+ (---)-¢°
and
Ell(M, W, 7,2) = Bo(y) +B1(y) ¢+ (---)-¢°,

we can easily deduce from their explicit expressions that
Ao(y) = eXp[_ZIj(zﬂV —12)2] =1- 21—4(271\/—_1@2 4o,
2
M) =10V = L @a/ =T -

I
Bo(y) =Y (=1)! (M, APW*)yP~!/?
p=0

1
=) (=D x(M, APW¥)

p=0 5
« [1 n (p _ %)(Zn\/—_lz) n %(p - %) Qrv/—17)% +- ]
Bi(y) = x(M, ALyW*® (=2(d —1) =W — W*+ T +T%)) + 2w/ 1z(---).
Note that

Y an(M, W, 1)/~ 12)" = Ao(y) Bo(»)+[Ao(3) B1 () +A1 () Bo(»lg+ - -+ ;

n>0

then it is easy to deduce the expressions in Proposition 3.6 in terms of those of
Ao(y), A1(y), Bo(y) and B;(y). U
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—1-phenomenon of the generalized elliptic genus. Here, using Proposition 3.6,
presented in the last subsection, we investigate the arithmetic information of the
generalized elliptic genus Ell(M, W, 7, z), which can be viewed as an appropriate
—1-phenomenon of EIl(M, W, t, z).

We will present one proposition and two examples related to ax(M, W, 1),
ao(M, W, t)and a; (M, W, 1), respectively, to illustrate an appropriate — 1-phenom-
enon of the generalized elliptic genus Ell(M, W, 7, 7).

Our next proposition related to ax(M, W, t) gives the “reason” why these
a,(M, W, t) should be the —1-phenomenon of Ell(M, W, t, z).

Proposition 3.7. a,(M, W, ) is a modular form of weight d — 1 + 2 over SL,(Z)
provided that py(M) = p1(W) and c; (W) =0in H*(M, R). Consequently, if either
()d—lisodd,or(ii)d <l butd —1 # —2, we have

l
1 1P<——) M, APW*) = = x (M, A_
(3-10) Z( 7 (p =LY xm, arwy = Ly, asw.
=0
Moreover, if W =T and ciy(M) = 0 in H*(M, R), (3-10) is nothing but the
original —1-phenomenon of the Hirzebruch x.-genus.

Proof. If either (i) d —l isodd or (i) d <l butd —1 # -2, a,(M, W, t) is a modular

form over SL,(Z) whose weight is either (i) odd or (ii) no more than 2 but not zero.

This means a; (M, W, t) = 0; then its expression in Proposition 3.6 gives (3-10).
If W =T, then the right-hand side of (3-10) is

d ) _d

12 2%
However, the left-hand side of (3-10) is

Xd}—l)”(p—‘—zl)zx”(M)
p=0

. 2
= Z(—l)p[z'wﬂl—dﬂﬂrd—

4}X”(M)

d2
= 2a2(M)—(1—d)a1(M)+ZaO(M)

d(3d—5) (1—=d)d d? )

= Tcd(M)—l- 5 cd(M)—i-ch(M) (via (1-3) and ¢; (M) = 0)
d

= ﬁcd (M) = the right-hand side of (3-10). ]

The next two examples, related to ag(M, W, t) and a; (M, W, t), give much
arithmetic information about M and W.
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Example 3.8. By Proposition 3.6, we know that ag(M, W, t) is a modular form
of weight d — [ over SL;(Z) provided that p;(M) = p1(W) and ¢;(M) =0 in
H?(M, R). Consequently:

(1) If either d — [ is odd or d — I < 2 but is nonzero, we have

XM, AW =x (M, AL W*Q(=2(d—1) =W —W*+T +T%) =0.
Q) Ifd—1=4, ay(M, W, 1) is proportional to the Eisenstein series

By 1
G4(T)=_?+C]+"'=%+C]+"',

and so
X(M A WFQ(=2(d—1) — W — W*+ T +T%) =240 (M, A_;W").

B)Ifd—-1=6,ap(M, W, 1) is proportional to the Eisenstein series

Beg 1
G(,(t):—ﬁ—i—q—l—---:—ﬂ—l—q—%-“,

and so
XM, AW QR (=2(d—1)—W —W*"+T+T%)=-504x(M, A_; W¥).

@ Iftd—-1=28,ap(M, W, 1) is proportional to

1 S 1
Gt = | — | e — g
[Ga(e)] [240 tat } 2402 T 12077

and so
X(M, AW Q(=2(d =) — W —W*+ T +T%) =480x (M, A_;W™).

Example 3.9. By Proposition 3.6, we know that a; (M, W, t) is a modular form
of weight d — [ + 1 over SL,(Z) provided that p; (M) = p;(W) and ¢; (M) =0 in
H?(M, R). Consequently, if either d — I is even or d —I < 1 but d — # —1, we have

I
S0P (p=5)x, arw =0,
p=0
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