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ABSTRACT. In this paper, by combining modular forms and characteristic
forms, we obtain general anomaly cancellation formulas of any dimension. For
4k + 2 dimensional manifolds, our results include the gravitational anomaly
cancellation formulas of Alvarez-Gaumé and Witten in dimensions 2, 6 and
10 ([2]) as special cases. In dimension 4k + 1, we derive anomaly cancellation
formulas for index gerbes. In dimension 4k+ 3, we obtain certain results about
eta invariants, which are interesting in spectral geometry.

1. INTRODUCTION

In [2], it is shown that in certain parity-violating gravity theory in 4k + 2 di-
mensions, when Weyl fermions of spin—% or spin—% or self-dual antisymmetric tensor
field are coupled to gravity, perturbative anomalies occur. Alvarez-Gaumé and Wit-
ten calculate the anomalies and show that there are cancellation formulas for these
anomalies in dimensions 2,6, 10. Let I, /5, I3/ and 14 be the spin—%, spin—% and an-
tisymmetric tensor anomalies respectively. By direct computations, Alvarez-Gaumé
and Witten find anomaly cancellation formulas in dimensions 2, 6, 10 respectively,

(1.1) ~ T+ 1a=0,
(1.2) 211y — Isjg + 814 = 0,
and

(1.3) ~Tiyg+ T30+ 14 =0.

These anomaly cancellation formulas can tell us how many fermions of different
types should be coupled to the gravity to make the theory anomaly free. Alvarez,
Singer and Zumion [1] reproduce the above anomalies in a different way by using
the family index theorem instead of Feynman diagram methods.

When perturbative anomalies cancel, this means that the effective action is in-
variant under gauge and coordinate transformations that can be reached continu-
ously from the identity. In [27], Witten introduced the global anomaly by asking
whether the effective action is invariant under gauge and coordinate transforma-
tions that are not continuously connected to the identity. Witten’s work suggests
that the global anomaly should be related to the holonomy of a natural connection
on the determinant line bundle of the family Dirac operators.

From the topological point of view, anomaly measures the nontriviality of the
determinant line bundle of a family of Dirac operators. The perturbative anomaly
detects the real first Chern class of the determinant line bundle while the global
anomaly detects the integral first Chern class beyond the real information (cf. [16]).
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For a family of Dirac operators on an even dimensional closed manifold, the
determinant line bundle over the parametrizing space carries the Quillen metric as
well as the Bismut-Freed connection compatible with the Quillen metric such that
the curvature of the Bismut-Freed connection is the two form component of the
Atiyah-Singer family index theorem [10, I1]. The curvature of the Bismut-Freed
connection is the representative (up to a constant) of the real first Chern class of
the determinant line bundle. In this paper, by developing modular invariance of
certain characteristic forms, we derive cancellation formulas for the curvatures of
determinant line bundles of family signature operators and family tangent twisted
Dirac operators on 4k + 2 dimensional manifolds (see Theorem 2.2.1 and Theorem
2.2.2). When k =0,1,2, i.e. in dimensions 2, 6, and 10, our cancellation formulas
just give the Alvarez-Gaumé-Witten cancellation formulas (1.1)-(1.3) (see Theorem
2.2.5 and its proof).

For global anomaly, in [II], Bismut and Freed prove the holonomy theorem
suggsted by Witten. Later, to detect the integral information of the first Chern
class of the determinant line bundle, Freed uses Sullivan’s Z/k manifolds [16]. In
this paper, we also give cancellation formulas for the holonomies (with respect to the
Bismut-Freed connections) of determinant line bundles of family signature operators
and family tangent twisted Dirac operators on 4k + 2 dimensional manifolds for
torsion loops which appear in the data of Z/k surfaces (Theorem 2.2.3 and 2.2.4).

The general anomaly cancellation formulas in dimension 4k have been studied
n [2I]. One naturally asks if there are similar results in odd dimensions.

For a family of Dirac operators on an odd dimensional manifold, Lott ([23])
constructed an abelian gerbe-with-connection whose curvature is the three form
component of the Atiyah-Singer families index theorem. This gerbe is called the
index gerbe, which is a higher analogue of the determinant line bundle. As Lott
remarks in his paper that the curvature of such gerbes are also certain nonabelian
gauge anomaly from a Hamitonian point of view. In this paper, we derive anomaly
cancellation formulas for the curvatures of index gerbes of family odd signature op-
erators and family tangent twisted Dirac operators on 4k + 1 dimensional manifolds
(see Theorem 2.3.1, Theorem 2.3.2 and Corollary 2.3.1-2.3.3). Moreover, based on
a result of Ebert [14], we can also derive anomaly cancellation formulas on the de
Rham cohomology level (but not on the form level), which does not involve the
family odd signature operators (see Theorem 2.3.3, Theorem 2.3.4 and Corollary
2.3.1-2.3.3). We hope there is some physical meaning related to our cohomological
anomaly cancellation formulas.

In dimension 4k + 3, we derive some results for the reduced n-invariants of
family odd signature operators and family tangent twisted Dirac operators, which
are interesting in spectral geometry (Theorem 2.4.1, Theorem 2.4.2 and Corollary
2.4.1-2.4.3). Moreover, function of the form

exp{2m+v/ —1(linear combination of reduced eta invariants)}

has appeared in physics ([13]) as phase of effective action of M-theory in 11 di-
mension. We hope our results for reduced n-invariants can also find applications in
physics.

We obtain our anomaly cancellation formulas by combining the family index
theory and modular invariance of characteristic forms. Gravitational and gauge
anomaly cancellations are very important in physics because they can keep the
consistency of certain quantum field theories. It is quite interesting to notice that
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these cancellation formulas are consequences of the modular properties of charac-
teristic forms which are rooted in elliptic genera.

2. RESULTS

In this section, we will first prepare some geometric settings in Section 2.1 and
then present our results in Section 2.2-2.4. The proofs of the theorems in Section
2.2-2.4 will be given in Section 3.

2.1. Geometric Settings. Following [9], we define some geometric data on a fiber
bundle as follows. Let 7 : M — Y be a smooth fiber bundle with compact fibers Z
and connected base Y. Let T'Z be the vertical tangent bundle of the fiber bundle
and g% be a metric on TZ. Let TH M be a smooth subbundle of T'M such that
TM = THM @ TZ. Assume that TY is endowed with a metric ¢g¥. We lift the
metric of TY to THM and by assuming that T” M and TZ are orthogonal, TM
is endowed with a metric which we denote g* @ g#. Let V¥ be the Levi-Civita
connection of TM for the metric g¥ @ g? and Pz denote the orthogonal projection
from TM to TZ. Let VZ denote the connection on TZ defined by the relation
UeTM,VeTZ, V[Z,V = PZV[L,V. VZ preserves the metric g?. Let R? = V%2
be the curvature of VZ.

Let E, F be two Hermitian vector bundles over M carrying Hermitian connec-
tions VE, VI respectively. Let R = VF 2 (resp. RF = VI 2) be the curvature
of VE (resp. VI). If we set the formal difference G = E — F, then G carries an
induced Hermitian connection V¢ in an obvious sense. We define the associated
Chern character form as (cf. [29])

(G, V) =t [exp (EREH o e <ERF>] .

2T 27

For any complex number ¢, let
A(E)=Cly +tE+t*A*(E) +---, Si(E) =C|y +tE+t*S*(E) + -

denote respectively the total exterior and symmetric powers of F, which live in
K(M)][[t]]. The following relations between these two operations ([3], Chap. 3)
hold,
1 A(E)

2.1 Si(F) = —— AN(E—F) = ———.
(21) (E) (E-F)= T

The connections V¥, V¥ naturally induce connections on S;E, A, E, etc. More-
over, if {w;}, {w;’} are formal Chern roots for Hermitian vector bundles E, F'
respectively, then [15, Chap. 1]

(2.2) ch (At(E), vAf<E>) =[]+ e

We have the following formulas for Chern character forms,

1 1
@) e (SUE).VNP) = s ey e

2

_ ch (Ay(B), VM) [1(1+ eit)

ch (A(F), VAD) ~ Hl(1+e“’/t) '

J

(24)  ch (A (E - F),TMED)
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If W is a real Euclidean vector bundle over M carrying a Euclidean connection
VW, then its complexification We = W ® C is a complex vector bundle over
M carrying a canonically induced Hermitian metric from that of W, as well as a
Hermitian connection V¢ induced from V', _

If E is a vector bundle (complex or real) over M, set E = E — dimFE in K (M)
or KO(M).

Let ¢ = e2™V=IT with 7 € H, the upper half complex plane. Let TcZ be the
complexification of T'Z. Set

(2.5) 01(Tc2) = Q) S (TcZ) © Q) A (TeZ),
n=1 m=1
(2.6) 2(TcZ) = @Sqn (TcZ) ® ®1A_qm,% (TcZ),

which are elements in K (M)[[¢2]].
01(TcZ) and ©4(TcZ) admit formal Fourier expansion in ¢'/?

(2.7) 01(TeZ) = Ao(TcZ) + A1 (T Z)g* + -,

(2.8) 0,(TcZ) = By(TcZ) + Bi(TcZ)g"? + -,

where the A;’s and B;’s are elements in the semi-group formally generated by com-
plex vector bundles over M. Moreover, they carry canonically induced connections
denoted by V4 and V5 respectively, and let VO1(Te2)  y©2(Tc2) he the induced
connections with ¢'/2-coefficients on ©1, O, from the V4, V5.

The four Jacobi theta functions are defined as follows (cf. [12]):

(2.9) O, 1) = 2¢'/8 sin(mv) H {(1 —¢)(1 - e277\/jlvqj)(1 — 6_2”‘/jlvqj)} ,
j=1

(2.10) 61(v, ) = 2¢"/5 cos(mv) [ | [ L= ¢/) (140 (1472 T0g) )} :

j=1

(2.11) 02 (v, 1) = H [(1 — @) (1 — 2TV Tgi =12y - efzwﬁquq/z)} 7

(212) 93(’0,7’) = 10_0[ [(1 _ qj)(l 4 eQTr\/jlvqj—l/Q)(l + e—2ﬂquj—l/2):| ]

They are all holomorphic functions for (v,7) € C x H, where C is the complex
plane and H is the upper half plane.
Define two g-series (see Section 3 for details)

1 1
(2.13) 02(r) = =3 (61 (0,7)* + 630, 7)), ea(r) = 5010 7)405(0,7)*.
They have the following Fourier expansions in ¢'/2:

1
bo(r) = —5 =302 =3q+ -, ear) =¢'P+8g+ .
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When the dimension of the fiber is 8m + 1,8m + 2 or 8m + 3, define virtual
complex vector bundles b,.(TcZ) on M, 0 < r < m, via the equality

(2.14)  O3(TcZ) =D b (TcZ)(85:)" ™ 2"e} mod g™ - K(M)[[g2]].
r=0
When the dimension of the fiber is 8m — 1,8m — 2 or 8m — 3, define virtual

complex vector bundles z,.(TcZ) on M, 0 < r < m, via the equality

m—+41

(2.15) 0:(TcZ) = ZZT(TCZ)(&Sg)Qm_QTag mod g2
r=0

[

- K(M)[[g2]].

It’s not hard to show that each b,.(TcZ),0 < r < m, is a canonical linear com-
bination of B;j(TcZ),0 < j < r. This is also true for z,(TcZ)’s. These b.(TcZ)’s
and z,(TcZ)’s carry canonically induced metrics and connections.

From (2.14) and (2.15), it’s not hard to calculate that

(2.16) bo(TcZ) = —C, bi(TeZ) = TeZ + C24@m+1)—dimZ
and
(2.17) 20(TcZ) =C, #(TcZ)=-TcZ — Cism—dimZ_

2.2. Determinant Line Bundles and Anomaly Cancellation Formulas. Sup-
pose the dimension of the fiber is 2n and the dimension of the base Y is p. Assume
that TZ is or1ented Let T*Z be the dual bundle of T'Z.

Let £ = 69 E' be the smooth infinite-dimensional Z-graded vector bundle over

Y whose ﬁbre over y € Y is C*(Zy,Ac(T*Z)|z,), i.e.
C>®(Y,E") = C*(M,Ac(T*2)),

where Ac(T*Z) is the complexified exterior algebra bundle of T'Z.

For X € TZ, let ¢(X),¢(X) be the Clifford actions on Ac(T*Z) defined by
c(X)=X*—ix,e(X)=X*+ix, where X* € T*Z corresponds to X via gZ.

Let {e1,ea,- -+, ea,} be an oriented orthogonal basis of TZ. Set

Q=(H-1)"cler) - clean).

Then Q is a self-adjoint element acting on Ac(T*Z) such that Q2 = Id|sq(1+2)-

Let dvz be the Riemannian volume form on fibers Z associated to the metric gZ
(dvz is actually a section of AG™#(T*Z)). Let ( , )ag(r+2z) be metric on Ac(T*Z)
induced by g#. Then E has a Hermitian metric h¥ such that for o, o’ € C>®(Y, E)
andyeY,

(o, O/>hE(y) = / (o, O/>AC(T*Z) dvzy-
z

Y
Let d? be the exterior differentiation along fibers. d? can be considered as
an element of C*°(Y,Hom(E®, E**1)). Let d?* be the formal adjoint of d? with
respect to the inner product (, ),=. Define the family signature operator (c.f.[24])
DZ _ to be

sig

(2.18) DZ =d? +d?* . C® (M, Ac(T*2Z)) = C®(M,Ac(T*2)).

sig
The Zs-grading of Dsig is given by the +1 and —1 eigenbundles of . Clearly, for
eachy eY,

(DZg)y : C%(Zy, Ac(T" Z)\y) = C(Zy, Ac(T"Z)]y)

sig
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is the signature operator for the fiber Z,,.

Further assume that T'Z is spin. Following [9], the family Dirac operators are
defined as follows.

Let O be the SO(2n) bundle of oriented orthogonal frames in T'Z. Since T'Z is
spin, the SO(2n) bundle O — M lifts to a Spin(2n) bundle

O—>0-—FM

such that o induces the covering projection Spin(2n) — SO(2n) on each fiber.
Assume F, Fy denote the Hermitian bundles of spinors

F=0 X Spin(2n) SQnu Fy = o’ X Spin(2n) Si,2n7

where Sy, = Sy 2n ® S_ 2, is the space of complex spinors. The connection \v
on O lifts to a connection on O'. F, FL are then naturally endowed with a unitary
connection, which we simply denote by V.

Let V be a I-dimensional complex Hermitian bundle on M. Assume that V is
endowed with a unitary connection VY whose curvature is RY. The Hermitian
bundle F'® V is naturally endowed with a unitary connection which we still denote
by V.

Let H>, HS® be the sets of C'™ sections of F®V, F1 @ V over M. H*>, H® are
viewed as the sets of C'*° sections over Y of infinite dimensional bundles which are
still denoted by H*>, HY®. For y € Y, H°, H.°, are the sets of C'™° sections over
Zyof FQV, FL®V.

The elements of T'Z acts by Clifford multiplication on F®V. Suppose {e1, €3, - -ean}
is a local orthogonal basis of T'Z. Define the family Dirac operator twisted by V' to

2n
be DZ @V = Y ¢e;V,,. Let (D ® V)4 denote the restriction of D @ V to H.
i=1
For eachy € Y,
0 (D% @ V),
(DZ ® V)y7+ 0

is the twisted Dirac operator on the fiber Z,.

The family signature operator is a twisted family Dirac operator. Actually, we
have DSZZ-g =DZ®F (cf. [§)).

Let Lpzgy = det(Ker(DZ ® V)1)* ® det(Ker(DZ @ V)_) be the determinant
line bundle of the family operator DZ ® V over Y (|26} [10]). The nontriviality of
Lpzgy is certain anomaly in physics.

The determinant line bundle carries the Quillen metric g“pZev as well as the
Bismut-Freed connection V<pZev compatible to gL pZev | the curvature RFpZev
of which is equal to the two-form component of the Atiyah-Singer families index
theorem [10), [TT]. %RﬁDZ eV is a representative of the local anomaly.

For the global anomaly, in [11], Bismut and Freed give a heat equation proof of
the holonomy theorem in the form suggested by Witten in [27]. To detect infor-
mation for the integral first Chern class of Lpzgy, Freed uses Z/k manifolds in
[16]. Z/k manifold is introduced by Sullivan in his studies of geometric topology. A
closed Z/k manifold (c.f. [I6]) consists of (1) a compact manifold ) with boundary;

k
(2) a closed manifold P; (3) a decomposition 9Q = ][] (0Q); of the boundary of Q
=1

(219) (DZ@V), = € End*™(H}*, & H}? )

into k disjoint manifolds and diffeomorphisms «; : P (0Q);. The identification
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space @, formed by attaching @ to P by «; is more properly called Z/k manifolds.
Q is singular at identification points. If ) and P are compatibly oriented, then @
carries a fundamental class [Q] € H.(Q,Z/k). In [16], the first Chern class of the
determinant line bundle over ¥ — Y is evaluated for all Z/k surfaces and all maps
to detect the rest information other than the real information.

For local anomalies, we have the following cancellation formula formulas.

Theorem 2.2.1. If the fiber is 8m—+2 dimensional, then the following local anomaly
cancellation formula holds,

(2.20) R°P%, _ 8 > 20m=br phrZanroz) =,

r=0
Theorem 2.2.2. If the fiber be 8m—2 dimensional, then the following local anomaly
cancellation formula holds,

r=0
For global anomalies, we have the following cancellation formulas concerning the
holonomies.

Theorem 2.2.3. If the fiber is 8m + 2 dimensional, (X,5) is a Z/k surface and
f: ¥ =Y is a map, then

2 sig 2T DZ@WTCZ)(

v _llnholgDZ (5) -8 26’"—6T—V—11nh01£ S)
(2.22) =0
Ecl(f*(ﬁpfig))[i] - 82 26m_ﬁrcl (f* (‘CDZ®bT(TcZ))) [E] mod 1,
r=0

where we view Z/k 2 Z[1/k] JZ C Q/Z.

Theorem 2.2.4. If the fiber is 8m — 2 dimensional, (X,5) is a Z/k surface and
f:3 =Y is a map, then

V-1

™

- m—6r VY -1
1nhol£DZ_g (S) — g 26m—6 ST lnholLDZWT(TcZ) (S)
= r=0

(2.23) m
=c1(f"(Lpz ))[i] - Z 20m =07y (f* (‘CDZ®ZT(TCZ))) [E] mod 1,
r=0

s8ig

where we view Z/k = Z[1/k] | Z ; Q/Z.

Putting m = 0 and m = 1 in the above theorems and using (2.16) as well as
(2.17), we have

Corollary 2.2.1. If the fiber is 2 dimensional, then the following local anomaly
cancellation formula holds,
c
(2.24) R "% + 8RFpZ = .
If (%,8) is a Z/k surface and f: ¥ —Y is a map, then
V-1 V-1

Inholz , (5)+8
(2'25) 2w Sig 2

=c1 (f*(£pz,)) [5]+8er (F* (£p2)) 5] mod 1.

Inhol_, (S)
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Corollary 2.2.2. If the fiber is 6 dimensional, then the following local anomaly
cancellation formula holds,

L
(226) R™P%  RFpZetcz — 922REpz = 0.
If (%,8) is a Z/k surface and f: ¥ —Y is a map, then
Ve Ve N
(227) on Inholz,,, (S)+ 5 —=holz,, . (S) =225 —Inholz,, (S)

Ecl(f*(ﬁDSZig))[i] +a1 (" (Lpzerez)) [B] — 221 (f* (Lpz)) [E] mod 1.
Corollary 2.2.3. If the fiber is 10 dimensional, then the the following local anomaly
cancellation formula holds,

L
(2.28) R P4y — 8Rp7eTe” 4 16R 07 = 0.
If (%,8) is a Z/k surface and f: ¥ —Y is a map, then
(2.29) 2w 1nh01£D.sZ'£g (5) -8 o lnh01£DZ®Tcz(S) + 16 o lnh01£Dz (S)

Ecl(f*(ﬁDsZig))[i] —8c1 (f* (Lpzerez)) [B] + 16¢1 (f* (Lpz)) [E] mod 1.
Our anomaly cancellation formulas actually imply the Alvarez-Gaumé and Wit-
ten anomaly cancellation formulas.

Theorem 2.2.5. In dimensions 2,6, 10, our anomaly cancellation formulas (2.24),
(2.26) and (2.28) give the gravitational anomaly cancellation formulas (1.1)-(1.3)
of Alvarez-Gaumé and Witten.

The proof this theorem will also be given in Section 3.

2.3. Index Gerbes and Anomaly Cancellation Formulas. Now we still as-
sume that T'Z is oriented but the dimension of the fiber is 2n + 1, i.e. we consider
odd dimensional fibers. We still adopt the geometric settings in Section 2.1.

Let {e1, €2, ,e2,41} be an oriented orthogonal basis of T'Z. Set

I'=(V=1)""c(er) - cleantt).

Then T is a self-adjoint element acting on Ac(T*Z) such that I'? = Id|xg (1 z)-

Define the family odd signature operator Bﬁg to be

(2.30) BZ, =Td” +d’T : C®(M,Ag"(T*Z)) = C>(M, A& (T*Z)).
For eachy € Y,
(2.31) (BZg)y : CF(Zy, NG (T Z)\y) = C=(Zy, A& (T* Z)],)

is the odd signature operator Beyen for the fiber Z, in [5].

Now assume that T'Z is spin and still let V' be a [-dimensional complex Hermitian
bundle with the unitary connection VY. One can still define the family Dirac
operator D% ® V similar as the even dimensional fiber case. The only difference is
that now the spinor bundle F’ associated to T'Z is not Zs-graded. Let H* be the
set of C° sections of FY @V over M. H™ is viewed as the set of C* sections over
Y of infinite dimensional bundles which are still denoted by H>°. For y € Y, H®
is the set of C'*° sections over Z, of F/ @ V. For each y € Y,

(D” ® V), € End(H,")
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is the twisted Dirac operator on the fiber 7.

The family odd signature operator is a twisted family Dirac operator. Actually,
we have BZ = D? @ F' (c.f. [17]).

As a higher analogue of the determinant line bundle, Lott ([23]) constructs the
index gerbe G” “®V with connection on Y for the family twisted odd Dirac operator
D% @V, the curvature R97¢V (a closed 3-form on Y) of which is equal to the the
three-form component of the Atiyah-Singer families index theorem. As remarked
n [23], the curvature of the index gerbe is certain nonabelian gauge anomaly in
physics ([15], cf. [23]).

We have the following anomaly cancellation formulas for index gerbes.

Theorem 2.3.1. If fiber is 8m + 1 dimensional, then the following anomaly can-
cellation formula holds,

(2.32) R7% 8 D " 26m=br ppertrez) = (.

r=0
Theorem 2.3.2. If the fiber is 8m — 3 dimensional, then the following anomaly
cancellation formula holds,

(2.33) RngZig — Z 96m—6r pUpe-.(Tcz) — ().
=0
If w is a closed differential form on Y, denote the cohomology class w represents
in the de Rham cohomology of Y by [w].
We have the following cancellation formulas for cohomology anomalies.

Theorem 2.3.3. If the fiber is 8m + 1 dimensional, then the following anomaly
cancellation formula in cohomology holds,
(2.34) > 2bmbr[RIveren] = 0,

r=0
Theorem 2.3.4. If the fiber is 8m — 3 dimensional, then the following anomaly
cancellation formula in cohomology holds,

m

(2.35) Z 26m*6T[R9D®zT(TcZ)] =0.
r=0

Putting m = 0 and m = 1 in the above theorems and using (2.16) as well as
(2.17), we have

Corollary 2.3.1. If the fiber is 1 dimensional, i.e. for the circle bundle case, the
following anomaly cancellation formula holds,

(2.36) R7"%s 4 8R9p7 =,

The cohomology anomaly,

(2.37) [R9pZ] = 0.

Corollary 2.3.2. If the fiber is 5 dimensional, then the following anomaly cancel-
lation formula holds,

g
(2.38) R B + RgDZ®TCz —_91R%7 — ().
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The cohomology anomaly,
(2.39) [RYr?971c2] — 21[R9p7] = 0.

Corollary 2.3.3. If the fiber is 9 dimensional, then the following anomaly cancel-
lation formula holds,

(2.40) R%%%0 — gRIp7ercz 4 §RIp7 =)
The cohomology anomaly,
(241) [RgDZ®TcZ] _ [RQDZ] —0.

2.4. Results for n-invariants. For y € Y, let n,(D? ® V)(s) be the eta function
associated with (DZ ® V),,. Define (J4])
(DZ @ V)(s) + ker(DZ @ V),
) )
Denote 77, (D% ® V)(0) (a function on Y) by 7(D? @ V).
We still adopt the setting of family odd signature operators and family twisted

Dirac operators on a family of odd manifolds in Section 2.3. We have the following
theorems on the reduced n-invariants.

(2.42) 7,(D? @ V)(s) =

Theorem 2.4.1. If the fiber is 8m + 3 dimensional, then

(2.43) exp {2m/—_1 (ﬁ(ng) -8 zm: 26m=brp(D? ® bT(TCZ))> }

r=0
is a constant function on 'Y .

Theorem 2.4.2. If the fiber is 8m — 1 dimensional, then

(2.44) exp {2m/—_1 (ﬁ(ng) — zm: 26m=6rz(DZ @ zT(TcZ))> }

=0
is a constant function on Y .

Putting m = 0 and m = 1 in the above theorems and using (2.16) as well as
(2.17), we have

Corollary 2.4.1. If the fiber is 3 dimensional, then
(2.45) exp {2nv—1 (7(BZ,) + 8n(D?)) }
is a constant function on'Y .
Corollary 2.4.2. If the fiber is 7 dimensional, then
(2.46) exp {2mV—=1 (N(BZ,) + N(D? ® TcZ) — 2317(D?)) }
is a constant function on 'Y .
Corollary 2.4.3. If the fiber is 11 dimensional, then
(2.47) exp {2mV—1 ((BZ,) — 81(D? ® Tc Z) + 247(D?)) }
is a constant function on Y .
3. PROOFS

In this section, we prove the theorems stated in Section 2.
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3.1. Preliminaries. Let

{1 )

as usual be the modular group. Let

= (V) (o)

be the two generators of SL2(Z). Their actions on H are given by

a,b,c,d e Z, ad—bc—l}

1
S:t—>——, T:7—>71+1.
T

Let
To(2) = {( ‘C‘ Z ) € SLy(Z)

0(2) = {< “! ) ESLQ(Z)'b:O (mod 2)}

be the two modular subgroups of SLy(Z). It is known that the generators of I'y(2)
are T, ST?ST and the generators of ['°(2) are ST'S, T?STS.(cf. [12]).

If we act theta-functions by S and T, the theta functions obey the following
transformation laws (cf. [12]),
(3.1)

¢c=0 (mod 2)},

—_

(v, 7+ 1) = GWFH(U,T), 0(v,—1/7) = e (

2

1/2 ,
) e™V 1T (tv,7) ;

H
S
0

—1

(3.2) (v, 7+1) = =T 0y (v,7), 61 (v,—1/7) = <

1/2 ,
) emV 1o Oa(Tv,7) ;

5

1/2
(3.3) Ox(v,7+1)=03(v,7), O2(v,—1/7)= T ) e”ﬂ7”201(7v,7) :

V-1

Y

T 1/2 2
(34) O5(v,7+1)=02(v,7), 03(v,—1/7)= (\/__1) ™V 05 (10, 7)

Definition 3.1. Let I' be a subgroup of SLa(Z). A modular form over I' is a
holomorphic function f(7) on HU {oo} such that for any

a b
9= ( c d > er,
the following property holds
at +b

= = d !
£lom) = FEE) = xlg)er + (7).
where x : I' = C* is a character of I' and [ is called the weight of f.

If T is a modular subgroup, let Mg (I") denote the ring of modular forms over I'
with real Fourier coefficients. Writing simply 6; = 0;(0,7), 1 < j < 3, we introduce
four (the second two have already appeared in Section 2.1) explicit modular forms
(cf. [20], [210),

1 1
51(r) = (O3 +03),  ea(r) = <0303 |
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1 1
52(7—) = _g(eil + eg)v 52(7—) = 1_66.116‘§ )

They have the following Fourier expansions in ¢'/2:

1 1

61(T)=Z+6q+6q2+---, 61(7):1—6—q+7q2+---,
1

0(7) = =g =32 =3q+ -, () =¢'P+8g+

“

where the “ --” terms are the higher degree terms, all of which have integral coef-
ficients. They also satisfy the transformation laws (cf. [20], [21]),

(3.5) 5 (—%) — 21 . e (—1) — ey (7).

T

Let A\(TZ, VZ) and L(TZ,V%) be the Hirzebruch characteristic forms defined
respectively by (cf. [29]) for (T'Z, VZ):

VL R?
sinh (%Rz)
ey
tanh (%RZ)

If w is a differential form, denote the j-component of w by w().

A(TZ,V7) = det'/?
(3.6)
L(TZ,V?) = det!/?

3.2. Proofs of Theorem 2.2.1, 2.2.3, 2.2.5, 2.3.1, 2.3.3 and 2.4.1. Suppose
the dimension of TZ be 8m + 1,8m + 2 or 8m + 3. For the vertical tangent bundle
TZ, set
N (8m—+4)

(3.7) P(VZ, 1) = {L(TZ,VZ)ch (Gl(TCZ), v@1<TcZ>)}
and

z n z 0s(Tez)) | &MY
(3.8) Py(VZ, 1) = {A(TZ,V )ch (GQ(TCZ),V 2(To )}

Proposition 3.1. P;(VZ,7) is a modular form of weight 4m + 2 over To(2);
Py(VZ,7) is a modular form of weight 4m + 2 over T'°(2).

Proof. In terms of the theta functions, by the Chern-weil theory, the following
identities hold,

z (8m+4)
(3.9) Pi(VZ 1) = {det% <R_Z 6'(0,7) 91(5’?’T>>}

272 6‘( RZ 7-) 91(0,7’)

272

Am? (12 1) 02(0,7)

(8m+4)
RZ 0/(0,7) 62(L,
(310) PQ(VZ, 7_) _ det% I ( 7T) 2(471'2 T) )
Ar2>
Applying the transformation laws of the theta functions, we have
1
(3.11) P, (VZ, ——) = oimt2rAmt2p, (vZ 1) P (VZ 74 1) = P (VZ,7).
T

Because the generators of I'g(2) are T, ST?ST and the generators of I'’(2) are
STS,T?STS, the proposition follows easily. O
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Lemma 3.1 (cf. [21]). One has that 01(7) (resp. e1(7)) is a modular form of weight
2 (resp. 4) over T'9(2), d2(T) (resp. €2(7)) is a modular form of weight 2 (resp. 4)
over T'(2), while §3(7) (resp. e3(7)) is a modular form of weight 2 (resp. 4) over
T'y(2) and moreover Mg(I'°(2)) = R[da(7),e2(7)].

We then apply Lemma 3.1 to P»(VZ,7) to get that
(3.12)
Py(VZ,7) = ho(TcZ)(802)*™ L + hi(TcZ)(862)* ™ tey + - - - 4 hyn (Tc Z) (882)el.

Comparing (2.14), we can see that

0<r<m.

)

he(Tez) = {A(T2, VZ)ch(bT(TcZ))}(gmH)

By (3.5), (3.11) and (3.12), we have
(3.13)
Py (VZ, 1) = 282 ho(Tc Z)(861)*™ L +hi (Te Z)(861)*™ te1++ - Ahm(TcZ)(861)eT].

Comparing the constant term of the above equality, we see that

(3.14)  AL(TZ, VYO =8 2O ATZ, V7 )eh(br (ToZ))} .
r=0

In the following, we will deal with the even case and odd case respectively.

3.2.1. The case of even dimensional fibers. We have the following Bismut-Freed
theorem on the curvature of the determinant line bundle with Bismut-Freed con-
nection.

Theorem 3.2.1 (Bismut-Freed, [11]).

(3.15) RfpZev = 271'\/—_1{/ZA\(TZ,VZ)Ch(V, VV)}(Q).

To detect mod k information of the first Chern class of the determinant line
bundle, Freed has the following result.

Theorem 3.2.2 (Freed, [16]). If (X, S) is a Z/k surface and f : ¥ — Y is a map,
then
(3.16)
a (f* (Lpzev)) [X]
1yt f* </ A(TZ,V%)ch(V, VV)> +
k 2w » z

where we view Z/k 2 Z[1/k] /Z C Q/Z.

)

s

Inholz . (S) mod 1,

If TZ is of dimension 8m + 2, integrating both sides of (3.14) along the fiber, we
have

(3.17) {/ZZ(TZ, VZ)}(Q) - si2ﬁm—6T {/Z/T(TZ,VZ)ch(bT(TcZ))}(z) =0.
r=0
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By Theorem 3.2.1, we get
(3.18)
RﬁDsZig -8 Z 9bm—6r pLpzgy, (1cz)

r=0
m

=2mv/~1 { / L(TZz, VZ)}(Q) —82_:26m—6T27T\/—_1{ /Z A(Tz,vz)ch(bT(TcZ))}(z)
=0.

Therefore Theorem 2.2.1 follows.
Similarly, Freed’s Theorem 3.2.2 and (3.17) give us

(3.19)

ar(f*(Lpz,))E] -8 Zzﬁm*”cl (/" (£pzeb,rez) ]

N
B 2w

and so Theorem 2.2.3 follows.
To prove Theorem 2.2.5, it’s not hard to see from (32), (38) and (56) in [2] that,
up to a same constant,

N N (2)
Iy = {/ A(TZ, VZ)} = R*r7,
z

- . (2)
Iy = {/ A(TZ,V?)(ch(TcZ,V7) - 1)} = RFpr?ercz — REpZ
Z

o

(- 1

Ta=—- /L(TZ,VZ) .
s/, 8

where in the fiber bundle Z — M — Y, Z is a 4k + 2 dimensional spin manifold
and Y is the quotient space of the space of metrics on Z by the action of certain
subgroup of Diff (M).

In dimension 2, by (2.24),

Inholz ,, (S 8226’” or lnholgDZ®bT(TCZ)(S)> =0 mod 1

and

~ ~ 1,z
~Tjy +Is = —RFp7 — 8R o= —2(R Pfs + 8REp7) = 0.

Therefore (1.1) follows.
In dimension 6, by (2.26),

21f1/2 - f3/2 +814

L
LDZ(X)TCZ _R[,DZ) _R DSZig

=21R*r? — (R

L,z
Lpzegrgz _ R Psig

=22RFp? — R
=0.

Therefore (1.2) follows.
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In dimension 10, by (2.28),
- f1/2 =+ IA3/2 +1a
£DZ®TCZ _ RﬁDZ) - R pZ,

= — RpZ + (R

1 L
=— g(161%%2 — 8Rp7eTcz 4 R Plig)

=0.
Therefore (1.3) follows.

3.2.2. The case of odd dimensional fibers. Lott has the following theorem for the
curvature of index gerbes.

Theorem 3.2.3 (Lott, [23)]).
R (3)
(3.20) R9pZav = {/ A(TZ,Y%)ch(V, VV)} :
4

If TZ is of dimension 8m + 1, integrating both sides of (3.14) along the fiber, we
get

(3.21) {/ZZ(TZ, VZ)} 8226’” 6’“{/ A(TZ,V%)ch(b, (TCZ))}(S) =0.

Note that we have A(TZ,VZ)ch(F',VF') = L(TZ,VZ) ([I7]). So by Theorem
3.2.3 and (3.21), we have

RngZw _ 8226m’6TRgDZ®br<TcZ>
r=0
(3.22) ~ ©)
— {/ L(TZ, VZ)} 8226’” or {/ A(TZ,V%)ch(b, (TCZ))}
Z

=0.
Therefore Theorem 2.3.1 follows.

On the family odd signature operators, there is the following theorem:

Theorem 3.2.4 (Ebert, [T4]). The family index of the odd signature operator on
an oriented bundle M — Y with odd dimensional fibers is trivial, i.e, ind(B

0e K\(Y).

szg)

The following theorem on the odd Chern form for a family of self-adjoint Dirac
operators is due to Bismut and Freed.

Theorem 3.2.5 (Bismut-Freed, fZ (TZ,V%)ch(V,VV) represents the odd
Chern character of ind(D? ® V)

Combining Theorem 3.2.4 and 3.2.5, we see that | fZ (TZ,V%)] is zero in de

Rham cohomology. In particular, by Theorem 3.2.3, {R Bsiy} = 0. Therefore,
(3.22) implies that

(3.23) Z 26m_6T[RgDZ®bT(TcZ)] =0.
r=0
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So Theorem 2.3.3 follows.

If d is a real number, let {d} denote the image of d in R/Z. As noted in [4] [6],
7,(D? @ V)(0) has integer jumps and therefore {7((D” ®V))} is a C*° function of
on Y with values in R/Z ([4,[6]). For odd dimensional fibers, we have the following
Bismut-Freed theorem for the reduced n-invariants.

Theorem 3.2.6 (Bismut-Freed, [11]).

)
(3.24) d{mD? @ V)} = {/Z/T(TZ,VZ)ch(V, vv)} .

If TZ is of 8m + 3 dimensional, integrating both sides of (3.14) along the fiber,
we get

m

(3.25) {/ZZ(TZ, VZ)}(I) — 8y 2tm=or {/Z/T(TZ,VZ)ch(bT(TcZ))}(l) =0.

r=0
Then the Bismut-Freed Theorem 3.2.6 gives us

A(BZ,)} — 83 275D o1, (To2))
r=0

(3.26) :{/ZE(TZ,VZ)}m_8i26m_6r{/Zg(szvZ)ch(br(Tcz))}m

r=0
=0.

Therefore we obtain
(3.27) d (W(Bﬁg)} - SZW: 200 {(D? @ br(TCZ))}> =0.
r=0
Since Y is connected,
{(BZ,)} -8 i 2 7(D? @ b, (Tc Z))}
r=0
must be a constant function on Y. Therefore it’s not hard to see that Theorem

2.4.1 follows.

3.3. Proofs of Theorem 2.2.2, 2.2.4, 2.3.2, 2.3.4 and 2.4.2. The proofs are
similar to the proofs of Theorem 2.2.1. 2.2.3, 2.3.1, 2.3.3 and 2.4.1.

Let the dimension of T'Z be 8m — 1,8m — 2 or 8m — 3. For the vertical tangent
bundle TZ, set

(328) Ql(VZ, T) — {E(TZ, VZ)Ch (@1(TCZ), V®1(TCZ)) }(8m) )

(329) QQ(VZ, 7’) — {A\(TZ, VZ)Ch ((.-)Q(TCZ)7 V@z(TcZ)) }(8m) '

Similar to Proposition 3.1, we have

z (8m)
PN 1 RZ ¢'(0,7) 61(&5,7)
B30) Qv aT>—{det (ﬁm%,ﬂ 0o )|
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(8m)
1 [ R?Z 6(0,7) 02(£5,7)
3.31 VZ 1) ={det? | — 4r% .
( ) QQ( T) { € (471’2 9(%,7) 92(0,7—)
Also Q1(VZ,7) is a modular form of weight 4m over I'¢(2) and Q2(VZ,7) is a
modular form of weight 4m over I'°(2). Moreover,

(3.32) Q1 (vZ, —%) =2'mrAm Oy (V2 7), Q1(VZ, 1+ 1) = Q1 (VZ, 7).
Similar to (3.12) and (3.13), by using Lemma 3.1 and (3.32), we have
Q2(v%, ) ={A(12, VZ)ch(zo(TcZ))}(8m) (885)%™
(3.33) + {/T(TZ, VZ)ch(zl(TcZ))}(Sm) (89)2™2e,

N (8m)
et {A(TZ, VZ)Ch(zm(TcZ))} €'
and

(%, 7) = | {2, v )ta(roz)} (50
(3.34) R (8m)
4ot {A(TZ7 VZ)Ch(Zm(TcZ))} 571”] .

Comparing the constant term of the above equality, we see that

(3.35) (L(T2,V7)} ) =3 28— { A(T 2,V 7)ch(z (T 2)) } 5.
r=0
Then one can integrate both sides of (3.35) along the fiber and combine the
theorems of Bismut-Freed, Freed, Lott and Ebert to obtain Theorem 2.2.2, 2.2.4,
2.3.2,2.3.4 and 2.4.2.
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