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ABSTRACT. In this article, we consider singular equivariant arith-
metic schemes whose generic fibres are smooth. For such schemes, we
prove a relative fixed point formula of Lefschetz type in the context of
Arakelov geometry. This formula is an analog, in the arithmetic case,
of the Lefschetz formula proved by R. W. Thomason in [29]. In par-
ticular, our result implies a fixed point formula which was conjectured
by V. Maillot and D. Réssler in [23].
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1 INTRODUCTION

It is the aim of this article to prove a singular Lefschetz fixed point formula
for some schemes which admit the actions of a diagonalisable group scheme, in
the context of Arakelov geometry. We first roughly describe the history of the
study of such Lefschetz fixed point formulae and relative Lefschetz-Riemann-
Roch problems.

Let k be an algebraically closed field and let n be an integer which is prime
to the characteristic of k. A projective k—variety X which admits an auto-
morphism g of order n will be called an equivariant variety. An equivariant
coherent sheaf on X is a coherent sheaf F' on X together with a homomor-
phism ¢ : g*F — F. It is clear that this homomorphism induces a family of
endomorphisms H*(¢) on cohomology spaces H' (X, F').

A classical Lefschetz fixed point formula is to give an expression of the alter-
nating sum of the traces of H'(¢), as a sum of the contributions from the com-
ponents of the fixed point subvariety X,. On the other hand, roughly speaking,
a Lefschetz-Riemann-Roch theorem is a commutative diagram in equivariant
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K —theory which can be regarded as a Grothendieck type generalization of the
Lefschetz fixed point formula. Indeed, when we choose the base variety in such
a commutative diagram to be a point, we will get the ordinary Lefschetz fixed
point formula. If X is nonsingular, P. Donovan has proved such a theorem in
[12] by using the results and some of the methods of the paper of A. Borel
and J. P. Serre on the Grothendieck-Riemann-Roch theorem (cf. [10]). In [1],
P. Baum, W. Fulton and G. Quart generalized Donovan’s theorem to singular
varieties, the key step of their proof heavily relies on an elegant method called
the deformation to the normal cone. Denote by Go(X,g) (resp. Ko(X,g))
the Quillen’s algebraic K-group associated to the category of equivariant co-
herent sheaves (resp. vector bundles of finite rank) on X, then Ky(Pt,g) is
isomorphic to the group ring Z[k] and Go(X, g) (resp. Ko(X,g)) has a natural
Ky(Pt, g)-module (resp. Ky(Pt, g)-algebra) structure. Let f be an equivari-
antly projective morphism between two equivariant varieties X and Y, then
it is possible to define a push-forward morphism f, from Go(X,g) to Go(Y, g)
in a rather standard way. Let R be any flat K((Pt, g)-algebra in which 1 — ¢
is invertible for each non-trivial n-th root of unity ¢ in k. The main result of
Baum, Fulton and Quart reads: there exists a family of group homomorphisms
L. between K-groups making the following diagram

Go(X, 9) —2> Go(Xy, 9) @z R

‘| .

Go(Y, 9) —2> Go(Yy, 9) ®zpg R

commutative. If Z is a nonsingular equivariant variety such that there exists an
equivariant closed immersion from X to Z, then for every equivariant coherent
sheaf ' on X the homomorphism L. is exactly given by the formula

L(E) = ALV, 5,) - SO(-1)Tordy (.. Oz,)
J

where Nz, z, stands for the normal bundle of Z, in Z. We would like to indicate
that one can use the same method so called the deformation to the normal cone
to extend Baum, Fulton and Quart’s result to general scheme case where X
and Y are Noetherian, separated schemes endowed with projective actions of
the diagonalisable group scheme pu,, associated to Z/nZ. Here by a u,-action
on X we understand a morphism myx : pu, X X — X which statisfies some
compatibility properties. Denote by px the projection from u, x X to X. For
a coherent Ox-module E on X, a py-action on £ we mean an isomorphism
mg : pxE — m% E which satisfies certain associativity properties. We refer
to [19] and [20, Section 2] for the group scheme action theory we are talking
about.

In [29], R. W. Thomason used another way to generalize Baum, Fulton and
Quart’s result to the scheme case, and he removed the condition of projectivity.
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The strategy Thomason followed was to use Quillen’s localization sequence for
higher equivariant K-groups to prove an algebraic concentration theorem. Let
D be a Noetherian ring, and let u,, be the diagonalisable group scheme over
D associated to Z/nZ. Denote the ring Ko(D, u,) = Ko(D)[T]/(1 —T") by
R(pn). We consider the ideal p in R(py,) which is the kernel of the canonical
morphism Ko(D)[T]/(1 —T"™) — Ko(D)[T]/(®,,) where ®,, stands for the n-th
cyclotomic polynomial, then the support of p is p, itself (cf. [29, Prop. 1.2]).
Let X be a pp-equivariant scheme over D, then Go(X, p,) (resp. Ko(X, pin))
has a natural R(u,)-module (resp. R(u,)-algebra) structure. Denote by i the
inclusion from X, to X. The algebraic concentration theorem reads: there
exists a natural group homomorphism 4, from Go(X,, , tn)(p) t0 Go(X, ttn)(p)
which is an isomorphism. Moreover, if X is regular, the inverse map of i,
is given by /\:}(N)V(/X‘m) -4* where Nx/x,, is the normal bundle of X, in
X. This concentration theorem can be used to prove a singular Lefschetz
fixed point formula which is an extension of Baum, Fulton and Quart’s result
in general scheme case. Thomason’s approach has nothing to do with the
construction of the deformation to the normal cone, and the localization he
used is slightly weaker than Baum, Fulton and Quart’s in the sense that the
complement of the ideal p in R(u,) is not the smallest algebra in which the
elements 1 —T% (k=1,...,n—1) are invertible. If one exactly chooses R to be
the complement of the ideal p in R(u,,), then these two localizations are equal
to each other.

In [20], K. Kohler and D. Réssler generalized the regular case of Baum, Fulton
and Quart’s result to Arakelov geometry. To every regular u,-equivariant arith-
metic scheme X, they associate an equivariant arithmetic Ko-group Ko (X, t,)
which contains some smooth form class on X, (C) as analytic datum. Such
an equivariant arithmetic Ky-group has a ring structure so that it is also an
R(un)-algebra. Let NX/XM be the normal bundle with respect to the reg-
ular immersion X,, < X which is endowed with a hermitian metric, then

the main theorem in [20] reads: the element A_l(N;/( /X,,) 1s invertible in

f(\o(X tins M) @R(u,) R and we have the following commutative diagram

—~ Ar(f)~tr ~
Ko(X, pn) ———> Ko(Xp,., ttn) ®R(u) R

| |-
1d

Ko(D, ) Ko(D, pin) @R(u,) R

where Agr(f) = A_l(N;/(/XW) (1 + Ry(Nx/x,,)) and 7 stands for the re-
striction map. Here R,(-) is the equivariant R-genus, the definition of the two
push-forward morphisms f, and f,, . involves an important analytic datum
which is so called the equivariant analytic torsion. The strategy Kohler and
Rossler followed to prove such an arithmetic Lefschetz-Riemann-Roch theorem
was to use the construction of the deformation to the normal cone to prove
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an analog of this theorem for equivariant closed immersions. After that, they
decompose the morphism f to a closed immersion h from X to some projec-
tive space P}, followed by a smooth morphism p from P, to Spec(D). Then
the theorem in general situation follows from an argument of investigating the
behavior of the error term under the morphisms A and p.

Provided X. Ma’s extension of equivariant analytic torsion to higher equivariant
analytic torsion form, it was conjectured by Koéhler and Rossler in [21] that an
analog of [20, Theorem 4.4] in relative setting holds. We have already proved
this conjecture in [27]. Our method is similar to Thomason’s, we first show
that there exists an arithmetic concentration theorem in Arakelov geometry
and then deduce from it the relative Lefschetz fixed point formula. The same
as Thomason’s approach, our method has nothing to do with the construction
of the deformation to the normal cone, but unfortunately it only works for
regular arithmetic schemes.

One may naturally asked that whether it is possible to construct a more general
arithmetic Gp-theory and prove a relative Lefschetz fixed point formula for
singular arithmetic schemes which is entirely an analog of Thomason’s singular
Lefschetz formula in Arakelov geometry. The answer is Yes, and this is what we
have done in this article. To do this, one needs a G-theoretic vanishing theorem
which can be viewed as an extension of Kéhler and Rossler’s fixed point formula
for closed immersions to the singular case. The proof of such a vanishing
theorem occupies a lot of space in this article. Let X and Y be two singular
equivariant arithmetic schemes with smooth generic fibres, and let f: X — Y
be an equivariant morphism which is smooth on the complex numbers. Assume
that the u,-action on Y is trivial and f can be decomposed to be h o i where i
is an equivariant closed immersion from X to some regular arithmetic scheme
Z and h : Z — Y is equivariant and smooth on the complex numbers. Let
7 be an equivariant hermitian sheaf on X. Referring to Section 6.1 for the
explanations of various notations, we announce that our main theorem in this
article is the following equality which holds in Go(Y, tin, 0)(,):

£ =17, G, A3 (Nzy2,,)) - Y_(=1)*Torp, (1.7, Oz,,))
k

+ / TA(T S, )chy (7)Tdy (F, ™) Td; L(F)
X,/Y

- / Td,(Tf)chy (1) Ry (N x,)
X_q/Y

4 / TA(T fy, 0wl )chy () Ty (N /7, )T (F).
Xg/Y

The structure of this article is as follows. In Section 2, we recall some
differential-geometric facts for the convenience of the reader. In Section 3, we
formulate and prove a vanishing theorem for equivariant closed immersions in
a purely analytic setting. In Section 4, we define the arithmtic Gy-groups with
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respect to fixed wave front sets which are necessary for our later arguments. In
Section 5 and Section 6, we formulate and prove the arithmetic concentration
theorem and the relative Lefschetz fixed point formula for singular arithmetic
schemes.

ACKNOWLEDGEMENTS. The author wishes to thank his thesis advisor Damian
Réossler for providing such an interesting topic, also for his constant encourage-
ment and for many fruitful discussions between them. The author is greatful to
Xiaonan Ma, from whom he gets many meaningful comments and suggestions.

2  DIFFERENTIAL-GEOMETRIC PRELIMINARIES

2.1 EQUIVARIANT ANALYTIC TORSION FORMS

In [7], J.-M. Bismut and K. Kohler extended the Ray-Singer analytic torsion
to the higher analytic torsion form T for a holomorphic submersion. The
purpose of making such an extension is that the differential equation on dd°T
gives a refinement of the Grothendieck-Riemann-Roch theorem. Later, in his
article [22], X. Ma generalized J.-M. Bismut and K. Kohler’s results to the
equivariant case. In this subsection, we shall briefly recall Ma’s construction of
the equivariant analytic torsion form. This construction is not very important
for understanding the rest of this article, but the equivariant analytic torsion
form itself will be used to define a reasonable push-forward morphism between
equivariant arithmetic Gy-groups.

We first fix some notations and assumptions. Let f : M — B be a proper
holomorphic submersion of complex manifolds, and let TM, T B be the holo-
morphic tangent bundle on M, B. Denote by J77/ the complex structure on the
real relative tangent bundle Tk f, and assume that A7/ is a hermitian metric on
T f which induces a Riemannian metric g”f. Let TH M be a vector subbundle
of TM such that TM = TH M @Tf, the following definition of Kihler fibration
was given in [4, Def. 1.4].

DEFINITION 2.1. The triple (f, R/, TH M) is said to define a Kihler fibration
if there exists a smooth real (1,1)—form w which satisfies the following three
conditions:

(). w is closed;

(ii). T M and Tk f are orthogonal with respect to w;

(iii). if X,Y € Trf, then w(X,Y) = (X, JTIY) jrs.

It was shown in [4, Thm. 1.5 and 1.7] that for a given Kéahler fibration, the
form w is unique up to addition of a form f*n where 7 is a real, closed (1, 1)-
form on B. Moreover, for any real, closed (1,1)-form w on M such that the
bilinear map X,Y € Tef — w(JT/X,Y) € R defines a Riemannian metric and
hence a hermitian product hTf on T'f, we can define a Kihler fibration whose
associated (1,1)-form is w. In particular, for a given f, a Kahler metric on M
defines a Kihler fibration if we choose T M to be the orthogonal complement
of Tf in TM and w to be the Kéahler form associated to this metric.
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We now introduce the Bismut superconnection of a Kihler fibration. Let (£, h¥)
be a hermitian complex vector bundle on X. Let V7, V¢ be the holomorphic
hermitian connections on (7'f,hT/) and (£, h%). Let VAT V6 be the con-
nection induced by V7 on A(T*(®1) f). Then we may define a connection on
ATV ) @ € by setting

YA OV NRE - ATV ) o1 4 g VE.

Let E be the infinite-dimensional bundle on B whose fibre at each point b € B
consists of the C*° sections of A(T*®V f)®¢ |¢-1,. This bundle E is a smooth
Z-graded bundle. We define a connection V¥ on E as follows. If U € TrB,
let UH be the lift of U in T M so that f.U? = U. Then for every smooth
section s of E over B, we set

%(0,1)
VEs =Vt %

For b € B, let 3" be the Dolbeault operator acting on FEjp, and let 37" be
its formal adjoint with respect to the canonical hermitian product on Ej (cf.
[22, 1.2]). Let C(Trf) be the Clifford algebra of (Tgf,h*/), then the bundle
A(T*OD f) ® ¢ has a natural C(Tgf)-Clifford module structure. Actually, if
UeTf,let U € T*OY f correspond to U defined by U’(-) = h*/(U,-), then
for U,V € Tf we set

c(U) =V2U'A, (V) = —V2i

where i4(.) is the contraction operator (cf. [9, Definition 1.6]). Moreover, if
U,V € TgB, we set T(U? VH) = —PTFUH VH] where PT/ stands for the
canonical projection from TM to T'f.

DEFINITION 2.2. Let eq,..., ey, be a base of T B, and let e',...,e*™ be the
dual base of Tz B. Then the element

1 ~
oT) = 5 > e nef@e(T(ell ef)
1<a,B<2m

is a section of (f*A(Ty B)®End(A(T*V f) @ €))°dd.

DEFINITION 2.3. For u > 0, the Bismut superconnection on F is the differential

operator
1

B, = VE 9+ - —
+Vu(@ +07) ch

(T)

on f*(ATB))S(AT* OV f) @ ¢€).

DEFINITION 2.4. Let Ny be the number operator on A(T*(V) f)®¢ and on E,
namely Ny acts by multiplication by p on AP(T*OD fy @ €. For U,V € TpB,
set WIH(U V) = wM(UH, VH) where wM is the closed form in the definition

of Kahler fibration. Furthermore, for v > 0, set NV, = Ny + iw!H

u
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We now turn to the equivariant case. Let G be a compact Lie group, we shall
assume that all complex manifolds, hermitian vector bundles and holomorphic
morphisms considered above are G—equivariant and all metrics are G-invariant.
We will additionally assume that the direct images RF f.£ are all locally free
so that the G-equivariant coherent sheaf R f.£ is locally free and hence a G-
equivariant vector bundle over B. [22, 1.2] gives a G-invariant hermitian metric
(the L2-metric) h® /=€ on the vector bundle R’ f.£.

Forge G,let My ={z € M | g-x =z} and By = {b € B | g-b = b} be the fixed
point submanifolds, then f induces a holomorphic submersion f, : M, — B,.
Let ® be the homomorphism o — (2im)~98%/2 of A" (T B) into itself. We
put

) dimM —dimB X
chy(R f& RIS = 7 (—1)Fehy (R £, TS
k=0
and
i dimM —dimB .
chfq(R'f*S, hE f*é) — Z (—1)kkchg(ka*§, LR j*g).
k=0

DEFINITION 2.5. For s € C with Re(s) > 1, let

1 o . :
Ci(s) = 0 /0 w (@ Trg[gNyexp(—B2)] — ch) (R f.&, k% 1+€))du
and similarly for s € C with Re(s) < 1, let
1 [~ _ :
C2(s) = —F(S)/l w (@ Trg[gNyexp(—By)] — chl) (R f.&, W 7+¢))du.

X. Ma has proved that (;(s) extends to a holomorphic function of s € C near
s =0 and (3(s) is a holomorphic function of s.

DEFINITION 2.6. The smooth form Ty (w™, h¢) := 2 (¢14¢2)(0) on By is called
the equivariant analytic torsion form.

THEOREM 2.7. The form T,(w™, h¢) lies in @,>, APP(By) and satisfies the
following differential equation a

dd°T, (W™, h¢) :chg(R'f*g,hR'f*f)—/M s Tdy(Tf,hTF)chy (€, h*).

Here APP(B,) stands for the space of smooth forms on By of type (p,p).

We define two secondary characteristic classes &19 and ﬁg which satisfy the
following differential equations

dd chy (R fu&, B -6 B T8) = chy (R fug, B F+S) — chy (R £, W T+5)

and
dd°Tdy (T f,h"F BTy = Tdy (T f, KTy — Tdy(Tf, '),

then the anomaly formula can be formulated as follows.
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THEOREM 2.8. (Anomaly formula) Let o' be the form associated to another
Kiéhler fibration for f : M — B. Let h'Tf be the metric on Tf in this new
fibration and let h'¢ be another metric on . The following identity holds in
A(By) = D,5¢(A7P(By)/(Im0 + Im0)):

Ty(w™ B8 = Ty (™, 1) =chy (R f.&, hF 16, W T5)
[ T ey (6
MQ/B.Q
+ Tdy(Tf, kT )chy (€, hE, h'E)).
In particular, the class of T,(w™, h®) in A(Bg) only depends on (hT7,h%).

2.2 EQUIVARIANT BOTT-CHERN SINGULAR CURRENTS

The Bott-Chern singular current was defined by J.-M. Bismut, H. Gillet and
C. Soulé in [5] in order to generalize the usual Bott-Chern secondary char-
acteristic class to the case where one considers the resolutions of hermitian
vector bundles associated to the closed immersions of complex manifolds. In
[2], J.-M. Bismut generalized this topic to the equivariant case. We shall recall
Bismut’s construction of the equivariant Bott-Chern singular current in this
subsection. Similar to the equivariant analytic torsion form, the construction
itself is not very important for understanding our later arguments, we just re-
call it for the convenience of the reader. Bismut’s construction was realized via
some current valued zeta function which involves the supertraces of Quillen’s
superconnections. This is similar to the non-equivariant case.

As before, let g be the automorphism corresponding to an element in a com-
pact Lie group G. Let i : Y — X be an equivariant closed immersion of
G-equivariant Kéhler manifolds, and let 77 be an equivariant hermitian vector
bundle on Y. Assume that . is a complex (of homological type) of equivariant
hermitian vector bundles on X which provides a resolution of i.77. We denote
the differential of the complex &. by v. Note that £. is acyclic outside Y and
the homology sheaves of its restriction to Y are locally free and hence they are
all vector bundles. We write H,, = H,(&. |y) and define a Z-graded bundle
H =&, H,. Foreachy € Y and u € TX,,, we denote by 0,v(y) the derivative
of v at y in the direction u in any given holomorphic trivialization of . near y.
Then the map 9,v(y) acts on H, as a chain map, and this action only depends
on the image z of u in N, where N stands for the normal bundle of i(Y") in X.
So we get a chain complex of holomorphic vector bundles (H, 9,v).

Let m be the projection from the normal bundle N to Y, then we have a
canonical identification of Z-graded chain complexes

(m*H,0,v) = (7" (AN @ n),V/—1i,).

Moreover, such an identification is an identification of G-bundles which induces
a family of canonical isomorphisms H,, = A" NV ® 1. Another way to describe
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these canonical isomorphisms (up to an automorphism of N defined by multi-
plying a constant —/—1) is applying [13, Exp. VII, Lemma 2.4 and Proposition
2.5]. These two constructions coincide because they are both locally, on a suit-
able open covering {U;};cs, determined by any complex morphism over the
identity map of 7 |y, from ({. |y,,v) to the minimal resolution of 7 [y, (e.g.
the Koszul resolution). The advantage of using the construction given in [13]
is that it remains valid for arithmetic varieties over any base instead of the
complex numbers. By finite dimensional Hodge theory, for each y € Y, there
is a canonical isomorphism

Hy2{fety,|vf=00"f=0}

where v* is the dual of v with respect to the metrics on £.. This means that H
can be regarded as a smooth Z-graded G-equivariant subbundle of £ so that it
carries an induced G-invariant metric. On the other hand, we endow ANY @7
with the metric induced from N and 7. J.-M. Bismut introduced the following
definition.

DEFINITION 2.9. We say that the metrics on the complex of equivariant her-
mitian vector bundles . satisfy Bismut assumption (A) if the identification
(m*H,0,v) = (7*(ANY ®n),/—1i,) also identifies the metrics.

PROPOSITION 2.10. There always exist G-invariant metrics on €. which satisfy
Bismut assumption (A) with respect to the equivariant hermitian vector bundles
N and 7.

Proof. This is [2, Proposition 3.5]. O

From now on we always suppose that the metrics on a resolution satisfy Bismut
assumption (A). Let V¢ be the canonical hermitian holomorphic connection on
&., then for each u > 0, we may define a G-invariant superconnection

Cy =V + Vu(v +v*)

on the Zs-graded vector bundle {. Moreover, let ® be the map o € A(TgX,) —
(2mi)~9°8/20 € A(T;; X,;) and denote
— 9 oV
Td;"Y(N) := = |p=o (Tdy(b-1d — —)~!
(Td; Y (N) i= 5y o= (Tdy(b-1d = 2—)7)

where Q¥ is the curvature form associated to N. We formulate as follows the
construction of the equivariant singular current given in [2, Section VIJ.

LEMMA 2.11. Let Ny be the number operator on the complex £. i.e. it acts on
&; as multiplication by j, then for s € C and 0 < Re(s) < %, the current valued
zeta function

Z,(€)(s) := ﬁ /0 T @ T (N gexp(—C2)) + (Td; 1Y (W)ehy (7)dy, Jdu
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is well-defined on X, and it has a meromorphic continuation to the complex
plane which is holomorphic at s = 0.

DEFINITION 2.12. The equivariant singular Bott-Chern current on X, associ-
ated to the resolution £. is defined as

T,(€) 1= o limo Zy(E)(s).

THEOREM 2.13. The current T,(£.) is a sum of (p,p)-currents and it satisfies
the differential equation

dd°Ty (€.) = ig,chy (M) Tdy " (N) =Y (=1)"chy (&)
k

Moreover, the wave front set of Ty(§.) is contained in N;/,R.

Finally, we introduce a theorem concerning the relationship of equivariant Bott-
Chern singular currents involved in a double complex. This theorem will be
used to show that our definition of a general embedding morphism in equivari-
ant arithmetic Go-theory is reasonable.

THEOREM 2.14. Let
X: 0—-m, = =7 —7;—0

be an exact sequence of equivariant hermitian vector bundles on Y. Assume
that we have the following double complex consisting of resolutions of i,X such
that all rows are exact sequences.

0 En.. e 3 &.. 0
0 4Ty o () ixT]o 0.

For each k, we write €y for the exact sequence
Oﬂfn,kﬂ"'ﬂﬁ,kﬂfo,kﬂo-

Then we have the following equality in U(X,) = @pzo(DP*p(Xg)/(Imﬁ—i-Img))

. chy (X) _ DL (=
=g, o Rl

(1) Ty(&;.)
=0 k

J

Here DP?(X,) stands for the space of currents on X, of type (p,p).
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2.3 BISMUT-MA’S IMMERSION FORMULA

In this subsection, we shall introduce Bismut-Ma’s immersion formula which
reflects the behaviour of the equivariant analytic torsion forms of a Ké&hler
fibration under composition of an immersion and a submersion. By translating
to the equivariant arithmetic Gy-theoretic language, such a formula can be used
to measure, in arithmetic Gy-theory, the difference between a push-forward
morphism and the composition formed as an embedding morphism followed by
a push-forward morphism. Although Bismut-Ma’s immersion formula plays a
very important role in our arguments, we shall not introduce its proof since it
is rather long and technical.

Let i : Y — X be an equivariant closed immersion of G-equivariant Kahler
manifolds. Let S be a complex manifold which admits the trivial G-action,
and let f:Y — S, 1: X — S be two equivariant holomorphic submersions
such that f =l oi. Assume that 7 is an equivariant hermitian vector bundle
on Y and . provides a resolution of 7,77 on X whose metrics satisfy Bismut
assumption (A). Let w¥, w¥ be the real, closed and G-invariant (1, 1)-forms on
Y, X which induce the Kéhler fibrations with respect to f and [ respectively.
We additionally assume that wY is the pull-back of w™ so that the Kihler
metric on Y is induced by the Kéhler metric on X. As before, denote by N
the normal bundle of i(Y") in X. Consider the following exact sequence

N: 0-Tf—=Tlly—=N—0

where N is endowed with the quotient metric, we shall write ﬁig (Tf, Tl |y) for

THL(N ) the equivariant Bott-Chern secondary characteristic class associated
to N. It satisfies the following differential equation

Ad°Tdy(TF,TI |y) = Td,(Tf, k™1 )Td,(N) — Td,(T1 |y, k™).

For simplicity, we shall suppose that in the resolution §., §; are all [—acyclic
and moreover 7 is f—acyclic. By an easy argument of long exact sequence, we
have the following exact sequence

E: 0= L&) = L(&ma1) — ... = (&) — fin — 0.

By the semi-continuity theorem, all the elements in the exact sequence above
are vector bundles. In this case, we formulate the L2-metrics on direct images
precisely as follows. We just take f.h" as an example. Note that the semi-
continuity theorem implies that the natural map

(R fm)s — H°(Ye,m |yv,)

is an isomorphism for every point s € S where Y; stands for the fibre over s.
We may endow H®(Ys,7 |y,) with a L%-metric given by the formula

1

WY
< UV >p2i= h(u,v)———
v g [ W)
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where d; is the complex dimension of the fibre Y;. It can be shown that
these metrics depend on s in a C* manner (cf. [9, p.278]) and hence define a
hermitian metric on f.n. We shall denote it by f.h".

In order to understand the statement of Bismut-Ma’s immersion formula, we
still have to introduce an important concept defined by J.-M. Bismut, the
equivariant R-genus. Let W be a G-equivariant complex manifold, and let E
be an equivariant hermitian vector bundle on W. For ¢ € S* and s > 1 consider

the zeta function
L(Ca 8) = Z E
k=1

and its meromorphic continuation to the whole complex plane. Define the
formal power series in x

o0 n

R(Gw) = S OE () + LG Y

n=0 j=1

l)x”
25" n!’

DEFINITION 2.15. The Bismut equivariant R-genus of an equivariant hermitian
vector bundle £ with £ |x = . E¢ is defined as

EC QEC

) — TrR(1/¢, ——))

211

Ry(B) = Y (WR(C,

v
cest

where Q< is the curvature form associated to E¢. Actually, the class of Ry(E)
in A(X,) is independent of the metric and we just write Ry (E) for it. Further-
more, the class R,(-) is additive.

THEOREM 2.16. (Immersion formula) Let notations and assumptions be as
above. Then the equality

D) Ty, h) = Ty(w" ") + chy(2, )
=0
. Tdy(TF,Tlly) .
= Td, (T, h™")T,(E. e Trch
[ ramamn@) s [ T,

m

’ /xg/s TIDA D 2 (1)) - / o T(THR(T F)ehy (1)

holds in A(S).

Proof. This is the combination of [8, Theorem 0.1 and 0.2], the main theorems
in that paper. O
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3 A VANISHING THEOREM FOR EQUIVARIANT CLOSED IMMERSIONS

3.1 THE STATEMENT

By a projective manifold, we shall understand a compact analytic subspace of
some complex manifold P¢. It is well known that a projective manifold is the
complex analytic space X (C) associated to a smooth projective variety X over
C (cf. [17, Appendix B]). Let u, be the diagonalisable group variety over C
associated to Z/nZ. We say X is up-equivariant if it admits a u,-projective
action, this means the associated projective manifold X (C) admits an action
by the group of complex n-th roots of unity. Denote by X, the fixed point
subscheme of X, by GAGA principle, X,,, (C) is equal to X (C), where g is the
automorphism on X (C) corresponding to a fixed primitive n-th root of unity.
If no confusion arises, we shall not distinguish between X and X (C) as well as
X, and X,. Since the classical arguments of locally free resolutions may not
be compatible with the equivariant setting, we summarize some crucial facts
we need as follows.

(i). Every equivariant coherent sheaf on an equivariantly projective scheme is
an equivariant quotient of an equivariant locally free coherent sheaf.

(ii). Every equivariant coherent sheaf on an equivariantly projective scheme
admits an equivariant locally free resolution. It is finite if the equivariant
scheme is regular.

(iii). An exact sequence of equivariant coherent sheaves on an equivariantly
projective scheme admits an exact sequence of equivariant locally free resolu-
tions.

(iv). Any two equivariant locally free resolutions of an equivariant coherent
sheaf on an equivariantly projective scheme can be dominated by a third one.
Now let i : Y — X be a u,-equivariant closed immersion of projective manifolds
with normal bundle N. Let .S be a projective manifold which admits the trivial
tn-action and let h : X — S be an equivariant holomorphic submersion whose
restriction f: Y — S is an equivariant holomorphic submersion. According to
our assumptions, we may define a Kéhler fibration with respect to h by choosing
a pin(C)-invariant Kéhler form w® on X. By restricting w* to Y we obtain a
Kahler fibration with respect to f. The same thing goes to hy : X; — S and
fq:Yy — S. Let 77 be an equivariant hermitian holomorphic vector bundle on
Y, assume that (£.,v) is a complex of equivariant hermitian vector bundles on
X which provides a resolution of ¢,7, whose metrics satisfy Bismut assumption
(A).

Write Ny for the O-degree part of N |y, which is isomorphic to the normal
bundle of i,(Y,) in X, and denote by F the orthogonal complement of Nj.
According to [13, Exp. VII, Lemma 2.4 and Proposition 2.5] we know that
there exists a canonical isomorphism from the homology sheaf H({. |x,) to
ig, (N FY ®n ly,) which is equivariant. Then the restriction of (£.,v) to X, can
always split into a series of short exact sequences in the following way:

(%) : O—>Im—>Ker—>ig*(/\'Fv®7] ly,) — 0
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and
(#¢): 00— Ker =& |x,— Im — 0.

Suppose that A'FY ® 7 |y, and &. |x, are all acyclic (higher direct images
vanish). Then according to an easy argument of long exact sequence, these
short exact sequences (x) and (x*) induce a series of short exact sequences of
direct images:

H(x): 0— R°hy (Im) — R°h,, (Ker) —» R°f, (NFY @nly,) =0
and
H(#*):  0— R°hy, (Ker) — R%hy, (€. |x,) — R°hy, (Im) — 0.

By semi-continuity theorem, all elements in the exact sequences above are
vector bundles. We endow R°hy (€. |x,) and R°fy (NFY @7 |y,) with the
L?-metrics which are induced by the metrics on €.,  and F. Here the normal
bundle N admits the quotient metric induced from the exact sequence

0—-Tf—Th|ly—N—0

and the bundle F' admits the metric induced by the metric on N. Moreover, we
choose any metrics on R%h,_(Im) and R°h, (Ker) so that H(x) and H(*x) be-
come short exact sequences of equivariant hermitian vector bundles. Denote by
chy (€.,7) the alternating sum of the equivariant secondary Bott-Chern charac-
teristic classes of H(x) and H(*x) such that it satisfies the following differential
equation

ddchy (€, 71) = 3 _(=1)7chy (RO [, (N F" @7 |v,))

_ Z(_l)jchg(ROhg*(Zj x,))-

Now the difference

00,7, €.) by (€,7) = (1) Ty, h 50
k
ST (wXo pERlxe ) EVTA(Th
# T ) / TRy
= [ AL (Fyey () RN,
Y,/S

- /Y ST (V) TATT, Ty b,

makes sense and it is an element in P, -, AP2(S)/(Imd + Imd). Here the
symbols Ty () in the summations stand for analytic torsion forms introduced
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in Section 2.1, the symbol T}, (€.) in the integral is the equivariant Bott-Chern
singular current introduced in Section 2.2.

The vanishing theorem for equivariant closed immersions can be formulated as
the following.

THEOREM 3.1. Leti : Y — X be an equivariant closed immersion of pro-
jective manifolds, and let S be a projective manifold which admits the trivial
ln-action. Assume that we are given two equivariant holomorphic submersions
f:Y—=Sand h: X — S such that f = hoi. Then X admits an equivariant
hermitian very ample invertible sheaf L relative to the morphism h, and for
any equivariant hermitian resolution 0 — &, — ---& — &, — 4,7 — 0 we
have
5(¢,ﬁ®z‘*2®”£®2®”) =0 for n>0.

Here the metrics on the resolution are supposed to satisfy Bismut assumption

(A)-

3.2 DEFORMATION TO THE NORMAL CONE

To prove the vanishing theorem for closed immersions, we use a geometric
construction called the deformation to the normal cone which allows us to
deform a resolution of hermitian vector bundle associated to a closed immersion
of projective manifolds to a simpler one. The J-difference of this new simpler
resolution is much easier to compute.

Let i : Y — X be a closed immersion of projective manifolds with normal
bundle Nx,y. For a vector bundle E on X or Y, the notation P(E) will stand
for the projective space bundle Proj(Sym(EVY)).

DEFINITION 3.2. The deformation to the normal cone W (%) of the immersion
i is the blowing up of X x P! along Y x {co}. We shall just write W for W (i)
if there is no confusion about the immersion.

There are too many geometric objects and morphisms appearing in the con-
struction of the deformation to the normal cone, we have to fix various notations
in a clear way. We denote by px (resp. py) the projection X x P! — X (resp.
Y x P! - Y) and by 7 the blow-down map W — X x P!. We also denote by
gx (resp. gy ) the projection X x P! — P! (resp. Y x P! — P!) and by qu the
composition gx o . It is well known that the map ¢ is flat and for ¢t € P!,

we have )
Gil(t) = X x {t}, ift# oo,
w PUX, ift=o0,

where X is isomorphic to the blowing up of X along Y and P is isomorphic to
the projective completion of Ny, i.e. the projective space bundle P(Nx,/y ®
Oy ). Denote the canonical projection from P(Nx,y @ Oy) to Y by mp, then
the morphism Oy — Nx,y © Oy induces a canonical section i, : Y <
P(Nx/y © Oy) which is called the zero section embedding. Moreover, let
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j:Y x P! — W be the canonical closed immersion induced by 4 x Id, then the
component X doesn’t meet j(Y x P) and the intersection of j(Y x P!) and P
is exactly the image of Y under the section 7.

The advantage of the construction of the deformation to the normal cone
is that we may control the rational equivalence class of the fibres qv_vl (t).
More precisely, in the language of line bundles, we have the isomorphisms
OX) 2 O(P+ X) = 0O(P)®0O(X) which is an immediate consequence of the
isomorphism O(0) = O(cc) on P!.

On P = P(Nx,y © Oy), there exists a tautological exact sequence

0— O(—1) = 75(Nx;y ®O0y) = Q — 0

where @ is the tautological quotient bundle. This exact sequence and the
inclusion Op — 75 (Nx/y @ Oy) induce a section o : Op — @ which vanishes
along the zero section i (Y). By duality we get a morphism Qv — Op, and
this morphism induces the following exact sequence

OHA”QV%"'_>/\2Qv—>QV—>OP—>ioo*Oy—>O

where n is the rank of Q. Note that i, is a section of wp i.e. wp 0ip = Id,
the projection formula implies the following definition.

DEFINITION 3.3. For any vector bundle n on Y, the following complex of vector
bundles

OHAWQ\/@W};TI—)_)/\262\/®7T};7]_)Q\/®7T;;7]—>7T;;T]—>0

provides a resolution of io,.7 on P. This complex is called the Koszul resolu-
tion of ise«n and will be denoted by (1, Nx,y). If the normal bundle Ny y
admits some hermitian metric, then the tautological exact sequence induces a
hermitian metric on Q. If, moreover, the bundle 1 also admits a hermitian
metric, then the Koszul resolution is a complex of hermitian vector bundles
and will be denoted by (7, N x/y ).

Now, assume that X is a up,-equivariant projective manifold and F is an
equivariant locally free sheaf on X. Then according to [19, (1.4) and (1.5)],
P(F) admits a canonical p,-equivariant structure such that the projection map
P(E) — X is equivariant and the canonical bundle O(1) admits an equivariant
structure. Moreover, let Y — X be an equivariant closed immersion of projec-
tive manifolds, according to [19, (1.6)] the action of p, on X can be extended
to the blowing up Bly X such that the blow-down map is equivariant and the
canonical bundle O(1) admits an equivariant structure. So by endowing P!
with the trivial p,-action, the construction of the deformation to the normal
cone described above is compatible with the equivariant setting.

For the use of our later arguments, the Kéahler metric chosen on W should be
well controlled on the fibres of the deformation. For this purpose, it is necessary
to introduce the following definition.
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DEFINITION 3.4. (Rossler) A metric h on W is said to be normal to the defor-
mation if

(a). it is invariant and Ké&hler;

(b). the restriction A [, (y,xpr) is a product A’ x h”, where h' is a Kéhler
metric on Y, and A" is a Kéhler metric on P';

(c). the intersections of X x {0} with j,(Y x P!) and of P with j,(Y x P!) are
orthogonal at the fixed points.

LEMMA 3.5. For any ji,-invariant Kdhler metric hX on X which induces an
invariant Kihler metric hY on Y, there exists a metric K" on W which is
normal to the deformation and the restriction of KW to X = X x {0} (resp.
Y 2V x {oc}) is exactly h (resp. hY ). Moreover, we may require that the
hermitian normal bundles Nyxpl/yx{o} and Nyx]pl/yx{oo} are both isometric
to the trivial bundles with trivial metrics.

Proof. The existence of the metric which is normal to the deformation is the
content of [20, Lemma 6.13] and [26, Lemma 6.14], such a metric is constructed
via the Grassmannian graph construction. Roughly speaking, according to an-
other description of the deformation to the normal cone via the Grassmannian
graph construction, we have an embedding W — X x P" x P! and the metric
hW is the p,-average of the restriction of a product metric on X x P" x P!
(cf. [26, Lemma 6.14]). When we endow X in the product with the metric
hX, the requirements on restrictions are automatically satisfied since hX is
tn-invariant. To fulfill the requirements on hermitian normal bundles, we may
just choose the Fubini-Study metric on P*. O

We summarize some very important results about the application of the defor-
mation to the normal cone as follows. Their proofs can be found in [20, Section
2 and 6.2].

THEOREM 3.6. Leti:Y — X be an equivariant closed immersion of equivari-
ant projective manifolds, and let W = W (i) be the deformation to the normal
cone of i. Assume that 7 is an equivariant hermitian vector bundle on'Y. Then
(i). there exists an equivariant hermitian resolution of j.p} () on W, whose
metrics satisfy Bismut assumption (A) and whose restriction to X is equivari-
antly and orthogonally split;

(i1). the natural morphism from the deformation to the normal cone W (ig4) to
the fized point submanifold W (i)4 is a closed immersion, this closed immersion

induces the closed immersions P(Nx, jy, ® Oy,) — P(Nx/y © Oy), and )79 —

Xg;

(#i3). the fived point submanifold of P(Nx,y © Oy) is P(Nx, )y, ©
Oy,) Hg;ﬂ P((Nx/v)¢):

(iv). the closed immersion i 4 factors through P(Nx, v, © Oy, ) and the other
components P((Nx/y)¢) don’t meet Y. Hence the complex k(Oy, Nx/y)q, 0b-
tained by taking the 0-degree part of the Koszul resolution, provides a resolution
of Oy, on P(Nx,y @ Oy),.
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3.3 PROOF OF THE VANISHING THEOREM

We shall first prove the first part of the vanishing theorem for closed immersions
i.e. the existence of an equivariant hermitian very ample invertible sheaf on
X which is relative to the morphism h : X — S. Generally speaking, such an
invertible sheaf can be constructed rather easily since X admits a p,-projective
action and the p,-action on S is supposed to be trivial, but for the whole proof
of the vanishing theorem we would like to construct a special one which is the
pull-back of some equivariant hermitian very ample invertible sheaf on W (%)
under the identification X 2 X x {0}. Our starting point is the following.

DEFINITION 3.7. Let M be a p,-projective manifold, and let P}, be some
relative projective space over M. A py-action on P}, arising from some pi,,-
action on the free sheaf (’)?}"H via the functorial properties of the Proj symbol
will be called a global u,-action.

The advantage of considering global p,-action is that on a projective space
which admits a global p,-action the twisted line bundle O(1) is naturally g,-
equivariant.

LEMMA 3.8. The morphism h : X — S factors though some relative projective
space Py which admits a global ., -action.

Proof. By assumption, X admits a p,-projective action. Then [20, Lemma 2.4
and 2.5] imply that there exists an equivariant closed immersion from X to
some projective space P” endowed with a global action. By using the universal
property of fibre product, we obtain a morphism from X to P% = S x P” which
is equivariant. Moreover, this morphism is clearly a closed immersion. Since
the action on S is trivial, the induced action on the fibre product S x P is still
global. So we are done. O

LEMMA 3.9. Letl: W (i) — S be the composition hopx ow. Then W (i) admits
an equivariant very ample invertible sheaf L which is relative to [.

Proof. By Lemma 3.8, h : X — S factors through some relative projective
space Py which admits a global p,-action. So X admits an equivariant very
ample invertible sheaf relative to h. Since the p,-action on S is supposed to be
trivial, P}, = X xP! =2 X x SIE”ls also admits an equivariant very ample invertible
sheaf relative to the morphism h o px which is denoted by G. Moreover, by
construction, W (i) admits a very ample invertible sheaf Oy (1) ® 7*G%® for
some b > 0 which is relative to the blow-down map 7 (cf. [17, Proposition
7.3]). Assume that PY xg P¢ is the relative projective space associated to
Ow (1) ® m*G®® and that P% is the relative projective space associated to
G. Then the very ample invertible sheave on P x g P with respect to the
embedding

PL xg P — P x5 P2
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can be written as G X Opr (1) whose restriction to W (i) is equal to Ow (1) ®
7*G®*+1 . Therefore, Oy (1) ® 7*G®**+1 is an very ample invertible sheaf on
W (i) relative to [ : W (i) — S, this invertible sheaf is clearly equivariant. O

From now on, we shall fix the equivariant very ample invertible sheaf £ con-
structed in Lemma 3.9. We also fix a p,-invariant hermitian metric on £, note
that this metric always exits according to an argument of partition of unity.
When we deal with the tensor product of a coherent sheaf F with some power
LE™ we just write it as F(n) for simplicity. Before we give the proof of the rest
of the vanishing theorem, we shall recall the concept of equivariant standard
complex and some technical results.

DEFINITION 3.10. Let S be a projective manifold and let £. be a bounded
complex of hermitian vector bundles on S. We say €. is a standard complex if
the homology sheaves of €. are all locally free and they are endowed with some
hermitian metrics. We shall write a standard complex as (., h) to emphasize
the choice of the metrics on the homology sheaves.

DEFINITION 3.11. Let S be an equivariant projective manifold. An equivariant
standard complex on S is a bounded complex of equivariant hermitian vector
bundles on S whose restriction to S, is standard. Again we shall write an
equivariant standard complex as (€., hf1) to emphasize the choice of the metrics
on the homology sheaves.

Due to [27, Theorem 4.8], to every equivariant standard complex (€., h) on
an equivariant projective manifold S, there is a unique axiomatical way to
associate an element chy (€., A7) in D, >0 APP(Sy)/(Im0 + Im@) which satisfies
the differential equation

ddchy (€, h") = "(=1)7chy(H; (€ [s,)) = Y _(—1)7chy(E,).
J J
Let 0 — {' — £ = ZN — 0 be a short exact sequence of equivariant standard

complexes on S. Then by restricting to the fixed point submanifold S, we get a

short exact sequence of standard complexes 0 — {’ ls, — £ |s,— E/, |s,— 0.
Hence we obtain a long exact sequence of homology sheaves of these three
standard complexes. We shall make a stronger assumption. Suppose that for

any j > 0, we have short exact sequence 0 — Hj(gl s,) — H;( |s,) —
H; (ZN |s,) — 0 which is denoted by ;. Moreover, for any j > 0, denote by

Z; the short exact sequence 0 — E; — & — E;’ — 0.

LEMMA 3.12. Let notations and assumptions be as above. The identity
~ ~ = ~ = .~ C~
chy (€, W) = chy (€, h™) + chy (€7, h%) = " (=1)7chy (x;) — Y (1) chy(&;)

holds in @, APP(S,)/(Imd + Imd).
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Proof. On Sy, every equivariant standard complex (€., ) splits into a series of
short exact sequences of equivariant hermitian vector bundles in the following
way

0—Im— Ker — H. — 0

and L o
0 — Ker — ¢&. [g,— Im — 0.

According to the argument given after [27, Theorem 4.8], c~hg (€., hf) is equal
to the alternating sum of the equivariant Bott-Chern secondary characteristic
classes of the short exact sequences above. Now since we have supposed that
0— Hj(zl |s,) — H;(& |s,) — Hj(z// |s,) — 0 are all exact, by using Snake
lemma, we know that 0 — Im(gl s,) — Im(&. |s,) — Im(gﬂ |s,) — 0 and
0— Ker({/ |s,) — Ker(&. |s,) — Ker(ZH |s,) — 0 are also all exact sequences.
Then the identity in the statement of this lemma immediately follows from the
construction of chy (€., k) and the additivity property of the equivariant Bott-
Chern secondary characteristic classes. O

—(m) —=—(1) =(0)
COROLLARY 3.13. Let 0 — &. — - = &7 = £ — 0 be an exact
sequence of equivariant standard complexes on S such that for every j > 0,
0— Hj@(m) ls,) — -+ — Hj(ﬁ(l) ls,) — Hj(E(O) |s,) — 0 is ezact. Then
the identity

S (- 1Reh, @M 0T = 30 (-1)dhy (7)) - (1) (E))

k=0
holds in @, APP(S,)/(Imd + Imd).

Proof. We claim that for every 1 < k < m, the kernel of the complex morphism
(k) F(k-1)
£ =& X s
only need to prove this for k = 1. Firstly, the kernel of E( ) = Z( ) is a complex
of equivariant hermitian vector bundles, let’s denote it by K. By restricting to

Sy and using an argument of long exact sequence, we know that the homology
sheaves of K |g, are all equivariant hermitian vector bundles since for any

—(1 —(0
J > 0 the bundle morphism Hj(f.( ) ls,) — H; (5.( ) |s,) is already surjective.
Therefore, the assumption of exactness on homologies implies that we can split
= (m) =) =(0) . i . . .
0 — & — - = &7 = £ — 0 into a series of short exact sequences
of equivariant standard complexes, so the identity in the statement of this

corollary follows from Lemma 3.12. O

is still an equivariant standard complex on S. It is clear that we

REMARK 3.14. A generalized version of Corollary 3.13, in which the exact
sequence of (equivariant) standard complexes is replaced by an (equivariant)
double standard complex was obtained in Xiaonan Ma’s Ph.D thesis where
more discussions concerning spectral sequences were involved. Anyway, for
arithmetical reason, we only need these special versions as in Lemma 3.12 and
Corollary 3.13.
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Now we turn back to our proof of the vanishing theorem. As before, let
W = W(i) be the deformation to the normal cone associated to an equiv-
ariant closed immersion of projective manifolds 7 : Y — X. For simplicity,
denote by Pg the projective space bundle P(Nx, /vy, ® Oy,). Moreover, given
an invariant K&hler metric on X, we fix an invariant Kéhler metric on W which
is constructed in Lemma 3.5. In this situation, all normal bundles appearing in
the construction of the deformation to the normal cone will be endowed with
the quotient metrics. We recall the following lemma.

LEMMA 3.15. Over W (iy), there are hermitian metrics on O(X,), O(PY) and
(9()?;) such that the isometry O(X,) = O(P)) @ 6(;(;) holds and such that
the restriction of @(Xg) to Xy yields the metric of Ny ,)/x,, the restriction

ofé()/\(;) to )A(; yields the metric of Ny i)/%, and the restriction of O(PY) to

Pg induces the metric of NW(ig)/pg.
Proof. This is [20, Lemma 6.15]. O

DEFINITION 3.16. Let 77 be an equivariant hermitian vector bundle on Y, we
say that a resolution

0—=&n ==& = Jspy (M) — 0

satisfies the condition (T) if

(i). the metrics on £. satisfy Bismut assumption (A);

(ii). the restriction of = to X is an equivariantly and orthogonally split exact
sequence; B . .

(iii). the restrictions of 2 to W(iy), Xy, Py, X, and PiO N X, are complexes
with l-acyclic elements and [-acyclic homologies, here =, is the complex of
hermitian vector bundles obtained by omitting the last term j*pﬂﬁ) in =;
Ev). the tegsor A;iroducts Bl lwa,) ®0(=Xy), EL lwa,) ®O(—P)) and
1 lwa,) ®0(—Xy) are complexes with [-acyclic elements and [-acyclic ho-
mologies.

(1|

From Theorem 3.6 (i), we already know that there always exists a resolution
of j.p3 (77) which satisfies the conditions (i) and (ii) in Definition 3.16. Let =
be such a resolution, we have the following.

PROPOSITION 3.17. For n>> 0, E(n) satisfies the condition (T).

Proof. The reason is that W (iy), X4, P}, X, and PN X, are all closed sub-
manifolds of W. O

It is well known that both two squares in the following deformation diagram

Y x {0} - Y x P! <=—"—Y x {oc}

/| ; |

X x {0} %% P(Nx/y @ Np1 /o)
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are Tor-independent. Moreover, according to our choices of the K&hler metrics,
we may identify Y x {0} with ¥, X x {0} with X, ¥ x {oco} with ¥ and
P(Nx/y @ Npi/oo) with P =P(Ny/y @& Oy). So if Z is a resolution of j.p} (77)
on W, then the restriction of = to X (resp. P) provides a resolution of i.7
(resp. ico«7). The following theorem is the kernel of the whole proof of the
vanishing theorem.

—_
—

THEOREM 3.18. (Deformation theorem) Let = be a resolution of j.py (1) on
W which satisfies the condition (T), then we have 6(E |x) = J(Z |p).

Proof. Consider the following tensor product of = lw(i,) with the Koszul
resolution associated to the immersion X, — W (i,)

0—Z1 lwg,) ®0(=Xy) = EL lwa,) ©@0w,) — EL lwa,) Qix,,0x, — 0.

We have to caution the reader that here the tensor product is not the usual
tensor product of two complexes, precisely our resulting sequence is a double
complex and we don’t take its total complex. Since we have assumed that =
satisfies the condition (T), this tensor product induces a short exact sequence
of equivariant standard complexes on S by taking direct images. For j > 0, its
j-th row is the following short exact sequence

50— R (O(-Xy) @& lwa,) — R lwa,) — R°hg, (€ |x,) =0

where lg is the composition of the inclusion W (i,) — W with the morphism .

— =V
Note thiit the j-th homology of =, |y (4,) is equal to j, (N F @y, 7 lv,) lwiy,)
where F' is the non-zero degree part of the normal bundle associated to the
immersion j. Actually j, factors through jg : Y, x P! — W(i,), then the
_ =V
Jj-th homology of Z [y (;,) can be rewritten as jg*(/\JF ® py, 7 y,). Write
Y, 0 =Y, x {0} for simplicity. Using the fact that jS*O(—Xg) is isomorphic
to O(—Y,,0), we deduce from the short exact sequence

__ =V _ =V
0= jy, (O(=Yg0) @ NF @py. 7 ly,) = Jg, (Oy,xpr @NF @37 ly,)
—=V
0 /- A j * —
— g (iv, Oy, @ NF @py 7 ly,) =0

that the j-th homologies of the induced short exact sequence of equivariant
standard complexes form a short exact sequence

_ =V —=V
Xj 10— Rouy, (O(=Yg0) @ NF @py 7 ly,) = ROug, (NF @py 7 ly,)
— Rf, (NF' @7 ly,) =0

where u, is the composition of the inclusion Yy x P! < W(i,) with the mor-
phism ).
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The main idea of this proof is that the equivariant Bott-Chern secondary char-
acteristic class of the quotient term of the induced short exact sequence of
equivariant standard complexes is nothing but chy(Z, |x,h) which appears

in the expression of §(Z | x) and the equivariant secondary characteristic classes
of X;,€; can be computed by Bismut-Ma’s immersion formula.

Precisely, denote by gx, the Euler-Green current associated to X, (i.e.

ddgx, = ox, — c1(O(Xy))) and write Td(X,) for Td(O(X,)). Moreover,
write €. for the restriction = | |x. Then for any j > 0, we compute

chy(5;) =T, (wXe, h&i1Xe) — T, (W lio), hilwiio)

+TQ(wW(ig),hO(_Xg)®gf‘W(ig))

! / chy (€,) TA(TE) T~ (K)o,
Wig)/$ .

+ / / chy (€,)Td " (Nw i, x,)Td(Thy, T |x,)
X,/S

+ / chy (&) R(Nw i,y x,)Td(Thy).
X,/8

Here, one should note that to simplify the last two terms in the right-hand side
of Bismut-Ma’s immersion formula, we have used an Atiyah-Segal-Singer type
formula for immersion

ig, (Td;1 (N)chy(z)) = chy(is(x)).

This formula is the content of [20, Theorem 6.16]. Similarly, for any j > 0, we
compute

Gy () =T, ("o, AP @1l — 7, (Yo7 F i

+Tq(wY9XP1 ho(—Ygﬁo)@@Aj?V@P%"‘”)
=V _ .
+/ Chg(/\JF ®p§gﬁ ‘yg)Td(T’U/g)Tdil(ng)gygyo
Yy xPl/S
+/ che(NF" @7 |y,)Td™ (Ny, w1 v, o) TA(T fg, Tug |y, ,)
Yy/S

+// chy(NFY @1 |y, ) R(Ny, xp1 /v, ) TA(T fy).
Y,/S

Denote by Q(W (igz)) (resp. ©(—X,)) the middle (resp. sub) term of the in-
duced short exact sequence of equivariant standard complexes. According to
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Lemma 3.12, we have

chy(E1 |x, ™) — chy (AW (ig)), h*) + chy (U=X,), h")

D (=1)chy(x;) = Y (—1)chy(5))

:Z(_l)jTg(wYQ’ RN EY @nlvy ) Z(_l)jTg(ngxP17h“ﬁvw%n\m)
>

(—1)’T, (ngxIP* ho“Ygﬁ)@A"FV@p%n‘W)

+ / SN @ py 77 Iy, )Td(Tg) Td ™ (Vy0)gv, o
Yy xPl/S

+/ / Z Ch /\JF @7 ‘Y )Td™ (Nygxpl/ygﬂ)’fa(Tifg’Tug |Y9’0)
Y, /S

+//SZ ch /\JF ®77|Y) (Nyglel/Yg,g)Td(ng)
Y,

g

S (1T w 97h5j‘xﬂ’)—|—Z(—l)jTg(wW(i9)7hgﬂW“g))
,Z(,l )T, (W™ is) ho(*Xg)@)gjlw(m))

/W( > (-1 €,)Td(TI0)Td ™ (Xy)gx,
/ /SZ DTd Ny, x,)Td(Thy, T1O | x,)
/X /SZ ) chy (&) R(Nwi,)/x,)Td(Thy). (1)

Similarly, we consider the tensor products of = |W(ig) with the following three
Koszul resolutions

0— 6(—P§) — @W(ig) — ip;)*épg — 0,

XQ
and
0— O(-X,) ® O(—P%) — O(-X,)B0(~P2) — Ow,)
—ig,npy,O%,0py = 0

We shall still denote by X- (resp. £.) the exact sequences consisting of homolo-
gies (resp. elements) in the induced exact sequences of equivariant standard
complexes.

For the first one, denote by gpo the Euler-Green current associated to P0 and

write £ for the restriction 2, |p. Moreover, denote by Q(— PY) the sub term
of the induced short exact sequence of equivariant standard complexes and
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denote by b, the composition of the inclusion P0 — W (i4) with the morphism
ZO Accordlng to Lemma 3.12, we have

chy(E 1 | po, ') = chy (AW (ig)), h™") + chy (U= PY), h")
=Z<—1)J‘€hg<z- — > (~1)chy(5))
N CHEACER ISR SEE N
_|_Z (—1)'T, ngXPl ho(—Yq,x)@Mjﬁv@p*ygnIYg)
/ S (—1)ichy (M F @ p}, 7 Iy, Td(Tiig) Td ™ (Y o0 )gy ..
Yy xP1/S
+ /Y ST @7 )T (W)
Td(Tfy, Tuy |y, ..)}
// Z Ch /\jF ®77|y) (Nygxpl/ygym)Td(ng)
Y,/S

_Z JT w g hf |P0 +Z (wW(ig)7hgj\w(ig)>
,Z ,1 JT wW(lg) ho(*P;)®§j|W(f,g))

/ Z €)Td(TI)Td ™ (PD)gpo
/PO/SZ 7T N,y pg) T(Thg, TIG | pg)
-/ O/SZ<—1>J'chg<§;°>R<Nw<ig)/pg>m<ng> o)

where Fo is the non-zero degree part of the hermitian normal bundle N
associated to ..

For the second one, denote by 9%, the Euler-Green current associated to j(v

and denote by Q(—X ) the sub term of the induced short exact sequence of

equivariant standard complexes. Since the restriction of = jo the component X
is equivariantly and orthogonally split, we know that chy (= | %, hH) is equal to

0 and the summation Y (—1)’ch (5 ) vanishes on X Using again Lemma 3.12,
we obtain

— chy (AW (ig)), hT) + chy (QU~X,), ')
= (—1)chy(x;) — Y (—1) ey (E))
— Z(—l)jTg(wYQXPI,hAjﬁv@’p;ngy)

T+ S (YT (Yo XF 5 O R BN F an s
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. =V
=[S, WE Ly, TAT,)
Y, xP1/S
- ch(j) O(=X,), Oy, up)}
+ Z(—l)jTg(wW(ig), hij\W(ig))

_ Z ,1 jT WW(ig) ho(*fg)®gj|wug))

/W(Zg > (-1 €;)Td(TI0)Td~ (Xg)gfg : (3)

Here the element c~h( jg*@(—)?;),éygxpl) is the equivariant secondary charac-
teristic class of the following short exact sequence

0—0— jg*é(—)?q) — 5yg><1p>l — 0.

We now consider the last one. By [6, Theorem 2.7], the Euler-Green current
associated to X, N Py is the current ¢1(O(Py))ggz + 05 gpo. Then, by using

the isometry O(X,) = O(PJ) ® @(X’;) and Corollary 3.13, we get

— chy (UW (ig)), k™) + chy (U~ X,), ')
+ chy (A(—PY), W) — chy(QU-X,), )
=Y " (—1)ehy(x;) — Y (—1)chy (5))

= Y ()T, (WYX N e
+ 3 )ITy (e g O XN eriy b
+Z(71)JT9( YyxP' pO(= qu)®A’Fv®pyqn|Yq)
_Z(_l)JTg( Yy x P! ho( Yy, O)®/\JFV®pygn|Yg)

- /Y ) /SZ<—1>jchgw? ® 5, 7 v, ) Td(Tig)h(B)
X 1

g

+ Z(—l)JTg

W(ig) hEJlW(ZQ))
wW(ig), ho(*Xg)@’fj IW(ig))

WV i) hoeP;’)@Enwug))

Td TI10YTd™ Td™
/stz (T0)Ta~ (X,)Td~ (D)
[ @E)gx, + 35 gral}-
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Here the element &1(@) is the equivariant secondary characteristic class of the
following short exact sequence

0: 0—0(-Yy) — jg*é(—)?;) ® O(=Yy,00) = Oy, xpr — 0.

Since 59 : Y x {0} — Y x P! and s4 : Y x {o0} — Y x P! are sections of
smooth morphism, the normal sequences

0 — m — Tug |Yq,0_) NYQXJP’l/Yg,o — O

and - o
0— ng - T’LLg |ngoc_) NYQXPI/Y%OO —0

are orthogonally split so that Td(T fy,Tug |y, ,) and Td(T f,, Tug |y, ) are
both equal to 0. Moreover, the normal bundles Ny, yp1/y, , and Ny, xp1 )y,
are isomorphic to trivial bundles so that R(Ny, xp1 /v, ,) and R(Ny,xp1 /v, )
are both equal to 0. Furthermore, we may drop all the terms where an integral

is taken over )Tg because Z(fl)jchg(gj) vanishes on )A(;.
Now, we compute (1)—(2)—(3)+(4) which is

chy(Z1 |x, b)) = chg(B1 [pg, h) + D (— 1) Ty(w™s, Béslxo)
= S CIT WP B = 3 ()T (@Y, w1 i)
(DI (@ )
. =V . -
- / (S (~1)ichy(WE @ pi, 7 Iy, Td(Tag) - [Td~ (Vo 0)av, o
Y, xP1/S ‘
— Td™ (Y, 00)9v, . +ch(j9"O(~X,), Oy, xp1) — chy(©)]}
- / S (—1)ichy (€, TA(TI)Td ™ (X, )gx,
W(ig)/S
- / S (—1)ichy(€,)Td ™ (Nyy s,y x, ) Td(Thy, T | x,)
X,/
S0 ey &) RNiwgs x, T
X,/
+/ ~1)ichy (€,)TA(TI0)Td~* (P9)gpo
W(i,)/S Z( ) g ]) g) ( g) Py
+ / D &P Nav ) TATE, TG )
P;) S : :
</ o DLy (€5 R Niy 5, TATS,)

Sy € T T (R,
X,

o Dbl AT T (P O,
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Denote by ix (resp. ip) the inclusion from X to W (i) (resp. P to W(i)). We
may use the Atiyah-Segal-Singer type formula for immersions and the projec-
tion formula in cohomology to compute

ng*(Z( 1) 'ch (&) R(Nw W(ig)/Xg )Td(Thy))
=ixg,(R(Nw,) x,)Td(Thy)is, (Td, 1(NX/Y)Chg(77)))
=(ixg 0 ig)«(R(Nw, )/Xg)Td(Thg)ng_l(NX/Y)Chg(n))'

Note that the restriction of Nyy(;,)/x, to Yy is trivial so that the last expression
vanishes. An entirely analogous reasoning 1rnphes that

ipg, (O (1) chy(§°)R(Nw () x,)Td(Thy)) = 0
Thus, we are left with the equality
chy(Z1 [x,h) = chy (B [pg, W) + 3 (— 1) Ty (w™s, héxo)
— S (1T (WP R — Z(—1)JTg(w 97hA]FV®nIYg)
+ Z(—l)jTg(wYQ,hAjFoﬁ@@nlyQ)

= [ DD @03y, T T - (T4 Ty,
— Td™ (Vy00)gy, . +ch(jSO(=X,), Oy, xz1) — chy(©)]}
= [ L1y (€T - [1a (K gx, — Td (g
W(ig)/S
T (X,)gg, +Td™ () Td™ (P)es (O(P) g I}

/ Z ;)Td™ (NW(ig)/Xg)Td(m,T@|Xg)
X,/S

[ S T (Vg TATE T ).
Po/S '
Using the differential equation which T, (5 ) satisfies, we compute
/ O (-1 Td(TlO) [Td " (Xy)gx, — Td™ ' (P9)gpo
W(ig)/S !
—Td™ (X)) +Td” (X, ) Td™H(PY)er (O(P, )95, 1}
[ {Ta@mL,E)- T o, — Ta (P
W (ig)/S !
—Td™ (X,)dg, +Td™! (X,)Td ™ (P9)er (O(PY))55 1}

g

- /W(, | (T ey 51 T3 (Ve - [T (R,
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—Td (P9)gpn — Td ™} (X, g5, +Td" L(X,)Td™ NP1 (O(P))gx, ]}
(5)
Here we have used the equation
Td ™ (X,)e1(O(X,))~Td ™ (BY)er (O(F)) — Td ™ (X, )es (O(X,))
+Td Y (X,)Td (P, PD)cr(O(P)er(O0(X,)) =0 (6)

which is [20, (23)].

Again using the fact that 5 is equivariantly and orthogonally split on X , the
first integral in the right-hand side of (5) is equal to

/ TA(TIT,(€)Td (N, x,)
X,/8
- / TA(TI) T, (& )T~ (N i, /o).
PO/S

According to the normal sequence 0 — Thy — Tilg |x,— NW(Z-Q)/XQ — 0, we
may write

Td(T19) = Td(Thy)Td(Nyw i, x,) — dd“Td(Thy, T1

X,)-

So we get

TINT,(E)TAd (Nw(,)/x,)
)

o
= /X Td(Th,

Ty(€)

/S
_ / / Td(Thg, TI0 | x, )dy, chy (M) Tdy  (N)Td ™ (Nw i, x,)
X4/8

/ Z ;)Td” (NW(ig)/xg)ﬁ(TTlgvTTghg)-
X,/5

Similarly we have
/ Td(TI) T, (€™ Td™ N, /m0)
Po/s
= [ T ,E)
Po/s
-/ o T T L) ey (05 (Vo T4 (Va2
PY/S

/ > (1) ehg(€)Td™ (Nyw (i, )/ po) Td(Thy, TI | po).
Po/S
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Note that the normal sequence of Thy in Tilg (resp. Tibg in Tilg) is orthog-
onally split on Y, x {0} (resp. Y, x {o0}), then ﬁ(Thg,T@ |x,)dy, and
ﬁi(m, Tilg \ pg)éyg are both equal to 0. Combining these computations above
we get

/ TATB)T, () Td" (N, x,)
X,/

- [ AT E T N )
PO/S

~ [ ra@n)n,E
X,/5

/ S (-1 OTd (N, x,)Td(Thy, T |x,)
Xg/S
- [ ra@nn,E™)
PY/S
/ > (-1 )T (N i,/ po ) Td(Thy, TIY | po).
PY/S

(7)
We now compute the second integral in the right-hand side of (5). According
to the normal sequence

0— m — Tilg |yg><]p1—> NW(ig)/Ygx]P’l — 0,
we may write
TA(T1O) = Td(Tug)Td(Nyw (s, v, xp1) — dd°Td(Tug, T1O |y, wp1).
Hence
- / i)/ {Td(TTg)Chg(p;ﬁ)Td;l(NW/Yleﬂ)5Ygx1P1 ’ [Td ( )gxJ
W (ig
— T (BD)gpy — Td™ (X + Td ™1 (X,)Td ™ (BD)es (O(PL))a 1}
= [ ATy T, (F) - (1 (Ko,
Yy xP1/S
—Td~ (PP)gpy — Td ™} (X,)g, +Td™}(X,)Td " (PD)es (O(PD))g, 1}
[ AT TG )y (3T, (Wi
Yy xP1/S
[Td™H (X (0x, — 1(O(X,))) = Td™H(PL)(5p0 — c1(O(PY)))
—Td ™' (X,) (0%, — e1(O(Xy)))

+Td™H(X,)Td ™ (PD)er(O(P)) (5, — e (O(X,))]}-
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By our choices of the metrics, we have Td;l(ﬁw/yxpl) ly, o= ( ),
Td(X,) |y, ,= 1 and Td, ' (Nyw/yxp1) |y, .= Td, ' (Ns), Td(PY) |ng0= L

F‘urthermore by replacmg all tangent bundles by relative tangent bundles, on
can carry through the proof given in [20, P. 378-379] to show that

Td(Tuy, TIO |y, xp1) ly, o= TA(Tf,, Thy |y,)

and

Td(Tug, T |y, x#1) ly, .= Td(Tfy, Ty |y, )-

So combining with the equation (6), we get

- /W(‘ y {Td(TT(g})Chg(p;ﬁ)Td;l(NW/Yleﬂ)5YgxP1 [Td™ 1 (Xy)gx,
— Td ™ (P)gpy — Td ™' (Xy)gx, + Td ™ (X,)Td™ (P))er (O(PY)) g5, 1}
—— [ ATy T, (F) - (1 (Ko,
Yy xP1/S
— T (P)gpy — Td ™' (X,)gx, +Td ™ (Xy)Td ™ (P))er (O(Py))g, 1}

+/ chy () Td, " (N)TA(T Ty, Thy v,)
§ _

g

,\/}; ch ( )Td (Nm)ﬁ(mvm‘yq)

9

(8)

At last, using the fact that the intersections in the deformation diagram are
transversal and the fact that j9(Y, x P') has no intersection with X, we can
compute

[ S @i v T T - (147 Ty,
— Td™ (Yg,00)97, +&1<j°*@<—)?g>,6ygxﬂn>—c~hg<@>]}
= [ AT, i e (B 58 (14 (K x, — Td 7 Pary
Yy xP1/S

~ T (Xp)gg, + Td™H(X,)Td (e (O(P))gx |}
(9)
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Gathering (5), (7), (8) and (9) we finally get
chy(E1 [x,h7) = chg(EL g, h") + Y (=1 Ty(w™s, nE5 o)
= YT B = 3T ()T (e T e
S AT, WP
— [ TR - [ Ta@s,nE)
X,/8 Po/s

+ [ ey, (NYTATT, Ty )

g9

~ [ ey Ta; (N TATT, T, I, (10)

g9

On the other hand, by definition, we have

8(E |p) r=chy (€7°,7) — Y (—1)FT, (w¥o, BN F @l

k

ST ()T (P, B )
k
= [ s, T (), () ROV,)
Y, /S
- [ nE )
Py/S
- / by () Td; L (N o) TA(TT, T |y,
y/s

where b' : P — S is the composition of the inclusion P < W (i) and the mor-
phism [. Note that Pg is a connected component of P; and . is orthogonally

split on the other components since they all belong to )~(g, then we can rewrite
5(Z |p) as

— ~ — k oV
3 |p) =chy(E1 [po, h) =Y (—1)FTy(w¥e, B F=lvs)
k

+Z knghgk‘PO)
&

- [ AT ey ) RV,)
Y,/S

- [ ey,
P_L?/S

- / by (1) Td; (W o) TA(TT,, Ty Iy, ).
q/S
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Comparing with the definition of 6(Z |x), the equality (10) implies that
6E|x) — 3(E |p) =0
which completes the whole proof of this deformation theorem. O

Now we consider the zero section imbedding i, : Y — P = P(No, @ Oy). Here
we use the fact that N is isomorphic to Nx/y, we caution the reader that this
is not necessarily an isometry since N, carries the quotient metric induced by
the Kahler metric on P but Ny, y carries the quotient metric induced by the
Kéhler metric on X. We recall that on P we have a tautological exact sequence

0—-0(-1) > 7p(New ® Oy) — Q — 0.

The equivariant section o : Op — 7pH(Noo @ Oy) — Q induces the following
Koszul resolution

O_)/\erQ\/_,..._>Qv—>0p—>ioo*OY_>0'

Since o is equivariant, the image of Op, under o |p, is contained in Q4. This
means that o |p, induces a Koszul resolution on P, of the following form

0— /\ergQ;/ B — Q;/ — OPg — ioo,g*OYg — 0.
PROPOSITION 3.19. Let & :=R(7, Noo) be a hermitian Koszul resolution on P
defined in Definition 3.3. Then for n > 0, we have §(&(n)) = 0.

Proof. Denote the non-zero degree part of @ |p, by Q1, then we have the
following isometry

NQ =N @, 2Q1) = P (NQ, @ A°Q)).

t+s=1

According to the arguments given before this proposition, we know that the
restriction of & to P, can be written as a direct sum of complexes of equivariant
hermitian vector bundles on P, of the following form

kO =V =V . —v =V .
0— A Q@ (N QLempTly,) = = Qy @ (N'QL@7p T y,)

—V _
— NQL ©7h 7 |y,— 0

which provide resolutions of im,g*(/\kfzo ®7 |y,) where Fi, as before, is the
non-zero degree part of the normal bundle N, associated to is. If n > 0, we
may assume that all elements in these resolutions are acyclic. Therefore, by
applying Bisumt-Ma’s immersion formula to these resolutions and summing all
of them, we get 6(%(n)) = 0. O



34 SHUN TANG

It’s now ready to finish the proof of the vanishing theorem for equivariant closed
immersions. Let 77 be an equivariant hermitian vector bundle on Y, assume that

0. O—)Em—w-o—)El—)go—)i*T]—N)

is a resolution of 7,7 by equivariant hermitian vector bundles on X which
satisfies Bismut assumption (A). We need to prove that for n > 0, 6(¥(n)) = 0.

Proof. (of Theorem 3.1) We first construct a resolution of p}77 on W (i) as

Oﬁgmﬁ"'ﬁgoﬂgo—’j*p;(ﬁ)—’o

(1|

which satisfies the condition (i) and (ii) in Definition 3.16. Then the restriction
of = to X (resp. P) provides a resolution of i,7 (resp. is.7). Over X, we can
find a third resolution ® of 4,7 which dominates ¥ and = |x. Namely we get
short exact sequences of exact sequences

0 — Ker(n) — ®(n) — ¥(n) — 0

and L - B
0 — Ker(n) — ®(n) — Z(n) |x— 0.

Then after omitting ¢,7 their restrictions to X, become two exact sequences
of complexes. Since n > 0 we may assume that all elements and homologies
in the induced double complexes are acyclic, so that by taking direct images
we get two exact sequences of equivariant standard complexes on S. These
two short exact sequences of equivariant standard complexes clearly satisfy
the assumptions in Lemma 3.12. Therefore, using Lemma 3.12, Bismut-Ma’s
immersion formula and the double complex formula of equivariant Bott-Chern
singular currents (cf. Theorem 2.14), we obtain that

chy (W (n), W) — chy(B(n), 1) + chy(Ker(n), h')
+ Tg(ng’h‘I’(n)L) _ Tg(ng,h(b(n)L) + Tg(wX",hKer(n)i)

= / [Ty(¥(n) L) — Ty(®(n) L) + Ty(Ker(n)L)] - Td(Thy)
X,/

which implies that
5(®(n)) = 5(¥(n)) + 6(Ker(n)).

By applying Bismut-Ma’s immersion formula to the case where the immersion
is the identity map and 7 is equal to the zero bundle, we get §(Ker(n)) = 0 so
that §(®(n)) = 6(¥(n)). Similarly, we have 6(®(n)) = §(E(n) |x) and hence
5(¥(n)) = §(E(n) |x). An entirely analogous reasoning implies that 6(%(n)) =

5(E(n) |p). Then the vanishing of §(¥(n)) follows from Theorem 3.18 and
Proposition 3.19. O
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4  EQUIVARIANT ARITHMETIC GROTHENDIECK GROUPS WITH FIXED WAVE
FRONT SETS

By an arithmetic ring D we understand a regular, excellent, Noetherian integral
ring, together with a finite set S of embeddings D — C, which is invariant
under a conjugate-linear involution Fi, (cf. [15, Def. 3.1.1]). Denote by u,
the diagonalisable group scheme over D associated to Z/nZ. A p,-equivariant
arithmetic scheme over D is a Noetherian scheme of finite type, endowed with
a fip-projective action over D (cf. [20, Section 2]). Let X be a u,-equivariant
arithmetic scheme whose generic fibre is smooth, then X (C), the set of complex
points of the variety [, .5 X xp C, is a disjoint union of projective manifolds.
This manifold admits an action of the group of complex n-th roots of unity
and an anti-holomorphic involution induced by F,, which is still denoted by
F. Tt was shown in [29, Prop. 3.1] that if X is regular, then the fixed point
subscheme X, is also regular. Fix a primitive n-th root of unity (, and
denote its corresponding holomorphic automorphism on X (C) by g, by GAGA

~

principle we have a natural isomorphism X,, (C) = X(C),.

DEFINITION 4.1. An equivariant hermitian sheaf (resp. vector bundle) E on X
is a coherent sheaf (resp. vector bundle) E on X, assumed locally free on X (C),
endowed with a p,-action which lifts the action of p, on X and a hermitian
metric h on the associated bundle E¢, which is invariant under Fi, and g.

REMARK 4.2. Let E be an equivariant hermitian sheaf (resp. vector bundle)
on X, the restriction of E to the fixed point subscheme X, has a natural
Z/nZ-grading structure E |x,, = ®rez/mzEr. We shall often write E,,, for
Ey. It is clear that the associated bundle of E,,, over X (C) is exactly equal to
E,.

Over a complex manifold M, we may consider the current space which is the
continuous dual of the space of smooth complex valued differential forms (cf.
[25, Chapter IX]). The wave front set WF(w) of a current w over M is a closed
conical subset of the cotangent bundle Ti My := T M\{0}. This conical subset
measures the singularities of w, actually the projection of WF(w) in M is equal
to the singular locus of the support of w. It also allows us to define certain
products and pull-backs of currents. We refer to [18, Chapter VIII] for the
definition and various properties of wave front set.

Now let X be a u,-equivariant arithmetic scheme with smooth generic fibre
and let S be a conical subset of T X (C)g, denote by DPP(X(C)4,S) the set
of currents w of type (p,p) on X(C), which satisfy F} w = (—1)Pw and whose
wave front sets are contained in S, we shall write U(X un»S) for the current
class _

U(X(C)g, ) = PDP#(X(C),, $)/(Imd + Imd)).

p=0

Let E be an equivariant hermitian sheaf or vector bundle on X. Following

the same notations and definitions as in [20, Section 3], we write ch,(E) for
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the equivariant Chern character form chy((Ec, h)) associated to the hermitian
holomorphic vector bundle (E¢, h) on X (C). Similarly, we have the equivariant
Todd form Td,(E). Furthermore, let £ : 0 — F - E—-F — 0bean
exact sequence of equivariant hermitian sheaves or vector bundles on X, we
can associate to it an equivariant Bott-Chern secondary characteristic class

chy(2) € U(X,,,0) which satisfies the differential equation
dd®chy(g) = chy(E') — chy(E) + chy(E").

DEFINITION 4.3. Let X be a py,-equivariant arithmetic scheme with smooth
generic fibre and let S be a conical subset of T X (C)g, we define the equivariant
arithmetic Grothendieck group éB(X s ln, S) (resp. I/(\O(X , i, S)) with respect
to X and S as the free abelian group generated by the elements of U (X s D)
and by the equivariant isometry classes of equivariant hermitian sheaves (resp.
vector bundles) on X, together with the relations

(i). for every exact sequence € as above, &19 (&)= E-E+E"

(ii). if o« € U(X,, ,S) is the sum of two elements o/ and o’ in U(X,,, ,S), then

Hno Mo
the equality @ = o’ 4+ o' holds in Go(X, pin, S) (resp. Ko(X, pin,S)).

REMARK 4.4. (i). When S’ C S, [28, Theorem 3.9 (ii)] implies that the natural
map from ZJ(XM, S’) to Z](Xun, S) is injective. So the first generating relation
in Definition 4.3 does make sense.

(ii). When X is regular, one can carry out the proof of [20, Proposition 4.2]
to show that the natural morphism from I/(\O(X, tn,S) to é\o(X, tn,S) is an
isomorphism.

(iii). The definition of the equivariant arithmetic Grothendieck group implies
that there are exact sequences

U(X,,.S) — = Gol(X, fin, §) — > Go(X, ptn) —= 0

and
U(X,,,S) —% Ko(X, tn, S) —— Ko(X, 1) — 0

where Id is the identity map and 7 is the forgetful map. Here the group
Go(X, py) is the Grothendieck group of p,-equivariant coherent sheaves which
are locally free on X (C), by a theorem of Quillen (cf. [24, Thm. 3 Cor. 1]) we
know that it is isomorphic to the ordinary Grothendieck group of u.,-equivariant
coherent sheaves.

In [27, Section 2], we have introduced the ring structure of I/{\O(X, Lon, D).
Since we may have a well-defined product of two currents if their wave front
sets have no intersection, and the wave front set is invariant under the op-
eration_of multiplying a smooth current, we know that the Grothendieck
group Ko(X, pn,S) has a Ko(X, i, 0)-module structure. The same thing
goes to é;(X s tn, @) and éB(X , tn, S). Furthermore, consider the isomorphism
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R(pn) = Ko(D)[T]/(1—=T"). Let I be the p,-equivariant hermitian D-module
whose term of degree 1 is D endowed with the trivial metric and whose other
terms are 0. Then we may make Ko(D,un,?) an R(u,)-algebra under the
ring morphism which sends 7' to I. By doing pull-backs, we may endow ev-
ery arithmetic Grothendieck group we defined before with an R(u,)-module
structure.

Now we investigate the wave front set of a current after doing push-forward.
Let f be a holomorphic map of compact complex manifolds, we may define a
push-forward f. on current space which is the dual map of the pull-back of
smooth forms. When f is smooth, the push-forward f, extends the integration
of smooth forms over the fibre. Assume that we are given a smooth morphism
f: U — V of compact complex manifolds, then f, induces a current K over
the product space V' x U defined as

K(a® ) = (f:8)()

where o and § are smooth forms over V and U respectively. Define
M={(v,u) e VxU| f(u) =v}

which is a submanifold in V' x U. From the fact that f.3 is just the integration
of smooth forms over the fibre, it is easily seen that the current K € D*(V xU)
is exactly the object dSys in [18, Theorem 8.1.5]. Then by that theorem, the
wave front set of K is equal to

WE(K) = {(v,u,6, &) € TRV x TEU | f(u) = v, # 0},
Let S be a conical subset of TgUy, we fix some notations as follows.

WE(K)y ={(v,§) € TgVo | Ju € U, (v,1,£,0) € WF(K)}
WF' (K)y ={(u,n) € TgUp | Iv € V, (v,u,0,—n) € WF(K)}
WF/(K)V oS Z{(U,f) € T]lé:VO ‘ 3(“#7) € S’ (U’u7€’ —77) € WF(K)}

THEOREM 4.5. Let notations and assumptions be as above. Assume that w is a
current over U whose wave front set is contained in S with SN WF'(K)y = 0,
then the wave front set of fiw is contained in

S’ := WE(K)y UWF' (K)o S.
Proof. This follows from [18, Theorem 8.2.12 and 8.2.13]. O

REMARK 4.6. (i) In our situation, the condition S N WF'(K)y = 0 is always
satisfied because by definition we have WF'(K)y = 0.

(ii). In our situation, S’ is always equal to WF'(K) o S because WF(K)y = 0.
(iii). If S is the empty set, then S’ is also empty. This is compatible with the
push-forward of smooth forms.

(iv). Assume that the restriction of f to a closed submanifold W is also smooth.
Denote by Nyw the normal bundle of W in U. If S = N%/WJR \ {0}, then

S ={.



38 SHUN TANG

We now turn to the arithmetic case. Let X, Y be two u,-equivariant arithmetic
schemes with smooth generic fibres, and let f : X — Y be an equivariant
morphism over D which is smooth on the complex numbers. Fix a pu,(C)-
invariant Kéhler metric on X (C) so that we get a Kahler fibration with respect
to the holomorphic submersion fc : X(C) — Y(C). Let E be an f-acyclic
ln-equivariant hermitian sheaf on X, we know that the direct image f,F is
locally free on Y (C) and it can be endowed with a natural equivariant structure
and the L2-metric. Let C/;'Bac(X, ln,S) be the group generated by f-acyclic
equivariant hermitian sheaves on X and the elements of u (Xu,,S), with the
same relations as in Definition 4.3. A theorem of Quillen (cf. [24, Cor.3 P.
111]) for the algebraic analogs of these groups implies that the natural map
(/J\OM(X, L, S) — (/JB(X, n,S) is an isomorphism. So the following definition
does make sense.

DEFINITION 4.7. Let notations and assumptions be as above. The push-forward
morphism fi : Go(X, pin, S) — Go(Y, pin, S’) is defined in the following way.

(i). For every f-acyclic pn-equivariant hermitian sheaf E on X, f.E =
(ii). For every element a € U(X,,,S), fa = fXg/Yg Td, (Tf,h™ ) €

uwy,,,s".

REMARK 4.8. If YV is regular, by Remark 4.4 (ii) we know that I/(\O(Y, tn,S")
is naturally isomorphic to é;(Y, tn,S") so that (f.E, f.h¥) admits a finite
equivariant hermitian resolution; if the morphism f is flat and Y is reduced,
then (f.E, f.h*) islocally free when E is so. Therefore in both two cases above,
one can also define a reasonable push-forward morphism f, : I/{B(X s ln,S) —
I/{\O (Y, pn, S').

THEOREM 4.9. The push-forward morphism f. defined in Definition 4.7 is a
well-defined group homomorphism.

Proof. The argument is the same as in the proof of [27, Theorem 5.2]. O

LEMMA 4.10. (Projection formula) For any elements y € I/(\O(Y, tn,®) and
x € Go(X, pn, S), the identity fo(f*y-x) =y fux holds in Go(Y, pn, S’).

Proof. Assume that y = E is an equivariant hermitian vector bundle and z = F
is an f-acyclic equivariant hermitian sheaf, then f*y -z = f*E ® F. By
projection formula for direct images and the definition of L2-metric, we know
that f.(f*E ® F) is isometric to E ® f,F. Moreover, concerning the analytic
torsion form, we have T, (w™, b/ F®F) = ch,(E)T,(w™, h"). So the projection
formula f.(f*y-x) =y - f.x holds in this case.

Assume that y = F is an equivariant hermitian vector bundle and z = « is
represented by some singular current. We write f; and f,, for the pull-back
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and push-forward of currents respectively, then

f(ffy - o) :f*(f;Chg(E)a) = fg*(f;Chg(E>ang(Tf))
=chy (E) fq,(aTdy (Tf))

:chg(E)/ aTdy(Tf) =y~ fex.
Xg/Yy

Here we have used an extension of projection formula of smooth forms p, (p* a3 A
ag) = agApeaz (cf. [14, Prop. IX p. 303]) to the case where the second variable
ag is replaced by a singular current. The fact that this extension is valid follows
from the definition of p, and the definition of the product of smooth form and
singular current.

Assume that y = 3 is represented by some smooth form and z = F is an
f-acyclic hermitian sheaf, then

Fo(f*y - x) =fu(fy (B)chy (F)) = fo,(f;(B)chy (F)Tdy(Tf))
=81, (Chg (E)ng (Tf))
=0 chy(E)Td,(Tf) = B(chy(f. F) — dd°T,(w™, h'"))
Xy /Y,

which is exactly y - fiz.
Finally, assume that y = ( is represented by some smooth form and z = « is
represented by some singular current, then

Fo(Fry - @) =£(f5(B)dd"a) = fy, (f5(8)dd°aTdy(TF))
=pdd* fy, (aTdy(TF))

which is also equal to y - f.x.
Since f. and f* are both group homomorphisms, we may conclude the projec-
tion formula by linear extension. O

REMARK 4.11. Lemma 4.10 implies that f. is a homomorphism of R(u,)-
modules, and hence it induces a push-forward morphism after taking localiza-
tion.

To end this section, we recall an important lemma which will be used frequently
in our later arguments.

LEMMA 4.12. ([20, Lemma 4.5]) Let X be a regular pn-equivariant arithmetic
scheme and let E be an equivariant hermitian vector bundle on X, such that

E,, =0. Then the element \_1(E) is invertible in f/(\o(Xun,Mn, S)p)-

5 ARITHMETIC CONCENTRATION THEOREM

In this section, we shall prove the arithmetic concentration theorem which
is an analog of Thomason’s result in Arakelov geometry. Let X be a pi,-
equivariant arithmetic scheme with smooth generic fibre, we consider a special
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closed immersion ¢ : X,, — X where X, is the fixed point subscheme of
X. We shall first construct a well-defined group homomorphism i, between
equivariant arithmetic Gy-groups as in the algebraic case. To construct i,
some analytic datum, which is the equivariant Bott-Chern singular current,
should be involved. Precisely speaking, let 7 be a p,-equivariant hermitian
sheaf on X, and let £. be a bounded complex of fi,-equivariant hermitian
sheaves which provides a resolution of i,77 on X. Such a resolution always
exists since the generic fibre of X is supposed to be smooth. Then we may
have an equivariant Bott-Chern singular current Tj(£.) € U(X,, ). Note that
on the complex numbers the 0-degree part of the normal bundle N := Ny, x,
vanishes (cf. [20, Prop. 2.12]) so that the wave front set of T,(£.) is the empty
set. This fact means that the following definition does make sense.

DEFINITION 5.1. Let notations and assumptions be as above. The embedding
morphism

i* : é\O(XumHmS)—’éB(XaMmS)

is defined in the following way. 3
(i). For every p,-equivariant hermitian sheaf 77 on X, , suppose that &. is a
resolution of 4.7 on X whose metrics satisfy Bismut assumption (A), i.[7] =

S (DFER] + Ty (6.
(ii). For every a € U(X,,,S), iva = aTd, ' (N).

THEOREM 5.2. The embedding morphism i, defined in Definition 5.1 is a well-
defined group homomorphism.

Proof. The argument is the same as in the proof of [27, Theorem 4.2]. O

LEMMA 5.3. (Projection formula) For any elements x € I/(\O(X7 Un,0) and y €
Go(X,,, ttn, S), the identity i, (i*x - y) = x - i,y holds in Go(X, pn, S).

Proof. Assume that = F is an equivariant hermitian vector bundle and y = F
is an equivariant hermitian sheaves. Let &. be a resolution of i, /" on X, then
E ® &. provides a resolution of i,(i*E ® F'). By definition we have

in(i* - y) =Y _(~1)F[E, ® E] + chy(B)T,(E)

which is exactly z - i.y. Assume that r = « is represented by some smooth
form and y = F is an equivariant hermltlan sheaf. Again let €. be a resolution
of i, F on X, then

in(i*z - y) = aTd; (N y)x, )chy(F) = o[dd“T,(£) + > (-1

which is exactly z - i,y. Now assume that = E is an equivariant hermitian
vector bundle and y = « is represented by some singular current, then

in(i*x - y) = i(chy(E)a) = chy(E)aTd; " (Nx/x,)
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which is exactly = - i,y. Finally, if x is represented by some smooth form and y
is represented by some singular current then their product is well-defined and
i(i*xz - y) is obviously equal to x - i,y. Note that i, and i* are group homo-
morphisms, so we may conclude the projection formula from its correctness on
generators. This completes the whole proof. O

REMARK 5.4. Lemma 5.3 implies that ¢, is even a homomorphism of R(jy)-
modules so that it induces a homomorphism between arithmetic Gy-groups
after taking localization.

With Remark 5.4, we may formulate the arithmetic concentration theorem as
follows.

THEOREM 5.5. The embedding morphism i, : I/(\O(Xﬂn,un,S)(p) —
I/(\O(X, piny S)(py @5 an isomorphism if X is regular. In this case, the in-
verse morphism of i, 1is given by )\:%(NX(/XW) - 1" where Nx,x,, is the
normal bundle of i(X,,) in X.

Before we give the proof of this concentration theorem, we recall a crucial
lemma as follows.

LEMMA 5.6. Let 7 be an equivariant hermitian vector bundle on X, . Assume
that €. is an equivariant hermitian resolution of i, on X whose metrics satisfy
Bismut assumption (A). Then the equality

AN =D (—17i%(€)) = Ty(€)
J
holds in the group f/(\o(Xun,,un, S).
Proof. This is [27, Lemma 4.11]. O

Proof. (of Theorem 5.5) Denote by U the complement of X, in X, then j :
U — X is a uy-equivariant open subscheme of X whose fixed point set is
empty. We consider the following double complex

. -
T

U(X s S) (o) UXp,, ) UUp,,S) () —0

1d Id Id
—~ e o~ FLE.
KO(X/Ln,7un7S)(p) - KO(Xa Hn s S)(p) - KO(U7 .UJTL7S)(p) —0

s

KO(XMV,UMn)(p) ¥>KVO(X: Un)(p) ! KO(Ua Mn)(p) —0




42 SHUN TANG

whose first and second columns are both exact sequences according to Re-
mark 4.4 (iii). For the third column, Ko(U, un)p) is equal to 0 by [29,
(2.1.3)], Z](Uun,S)(p) is also equal to 0 since U, is empty. Then from Re-
mark 4.4 (iii) we know that I/(\O(U, s S)(py is equal to 0. We claim that
s I/{\O(Xun,,un,S)(p) — I/(\O(X, n,S)(p) is surjective. Indeed, for any ele-
ment z € I/(T)(X, fins S)(py We may find an element y € I/(\O(Xun,un,S)(p) such
that i,7(y) = 7(z) because the third line is exact. This means x—i,(y) is in the
kernel of 7, so there exists an element « € L?(XM ;5)(py such that o = x —i.(y)
in I/(B(X,un,S)(p). Set 8 = aTd,(N), we get in(y + ) = ix(y) + @ = z in
I/(\O(X, fin; S)(p)- Hence, i, is surjective.

We now prove that the embedding morphism i, : I/{\O(Xun,,un,S)(p) —
I/(\O(X s in, S)(p) is really an isomorphism by constructing its inverse morphism.

Let w be an element in a(Xﬂn7S), by definition we have

_1,~=V e 1=V 1 ,—
)‘—}(NX/XML) M (W) :)‘—%(NX/X;W) ~wTd, 1(NX/X_Q)
1=V 1,
=chy (A7} (Nx/x,))wTdy ! (Nx/x,)

—=Ww.

Let 17 be an equivariant hermitian vector bundle on X, and assume that £ is
an equivariant hermitian resolution of 7,77 on X whose metrics satisfy Bismut
assumption (A), then by the definition of the embedding morphism 4, and
Lemma 5.6 we have

AA(Nx/x,) 0@ =AT N x,) - O (-1 8, + Ty(€) = 7.
k

So the inverse morphism of i, is of the form Aj(ﬁ; / X;m) -4* and we are
done. O

6 A LEFSCHETZ FIXED POINT FORMULA FOR SINGULAR ARITHMETIC
SCHEMES WITH SMOOTH GENERIC FIBRES

6.1 THE STATEMENT

We formulate in this subsection the statement of our main theorem, a singular
Lefschetz fixed point formula for equivariant arithmetic schemes with smooth
generic fibres. Its proof will be given in next two subsections. Let f: X — Y
be a pp,-equivariant morphism between two arithmetic schemes with smooth
generic fibres, which is smooth on the complex numbers. This morphism f
is automatically projective and hence proper, according to the definition of
equivariant arithmetic scheme. Suppose that f factors through some regular
equivariant arithmetic scheme Z. More precisely, our assumption is that there
exist an equivariant closed immersion i : X < Z and an equivariant morphism



SINGULAR FIXED POINT FORMULA OF LEFSCHETZ TYPE 43

h:Z — Y such that f = hoi and h is also smooth on the complex numbers.
Moreover, we shall assume that the p,-action on Y is trivial.

Let n be an equivariant coherent sheaf on X, then there exists a bounded
complex of equivariant vector bundles which provides a resolution of i,n on
Z because Z is regular. Since any two equivariant resolution of i,7 can be
dominated by a third one, the symbol Tor’(% ,(4x1,0z,, ) does make sense.

We choose arbitrary ju,-invariant Kéhler forms w? and w* on Z(C) and X (C)
respectively, the Kihler form w¥ is not necessarily the Kihler form induced by
wZ. The Kihler form on X (C) induced by w? will be denoted by w%. Denote
by N the normal bundle of ic(X(C)) in Z(C), we endow it with the quotient
metric provided that TX(C) carries the Kéhler metric corresponding to w%.
Let F be the non-zero degree part of N, then by [13, Exp. VII, Lem. 2.4 and
Prop. 2.5] for any equivariant hermitian sheaf 77 on X there exists a canonical
isomorphism on X

TOI‘%Z (Z*T], OZ;m)(C = kFV ® nc |Xg

which is equivariant. This means we may endow Torléz (1«1, Oz,, )c with a
hermitian metric induced by the metrics on F' and n so that it becomes an
equivariant hermitian sheaf on X, . Moreover, we know that the hermitian
vector bundle F fits the following exact sequence

(F,wX): 0 —>NX/XQ HNZ/ZQ —-F =0

where N7,z admits the quotient metric associated to w? and Ny /x, admits

the quotient metric associated to wX. Similarly, we shall denote by (F,w%)
the hermitian exact sequence F whose metric on Ny, x, is induced by w)Z(.

The push-forward homomorphism from the arithmetic Gg-group é’\o(X sty 0)
to Go(Y, i, ) with respect to the Kihler form wX is denoted by f. as usual.
The push-forward homomorphism from Go(X ., , ftn, 0) to Go(Y, pin, 0) with re-

spect to the Kiihler form w#% will be denoted by “Zn*.

Write ﬁ(T fg,wX,w%) for the secondary characteristic class of the exact se-
quence

00— (Tf,,w¥) 4 (Tf,,wé) —>0—>0

where the middle term carries the metric induced by w% and the sub term
carries the metric induced by w¥. Then the singular Lefschetz fixed point
formula for equivariant arithmetic schemes with smooth generic fibres can be
formulated as follows.

THEOREM 6.1. Let notations and assumptions be as above. Then for any equiv-
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ariant hermitian sheaf 7 on X, the equality
fo@) =17, (i A21(Nzy2,,)) - Y _(=1)FTorp, (.77, 0z,.,))
k

+ TA(T fy, w™ )ehy (7)Td, (F,w™)Td,  (F)

o

Xy/Y

Tdy(T f)chg(n)Ry(Nx/x,)

\
o~

Xy/Y

4 / Ty by (0, (W7, T, (F)
Xg Y

holds in the group a)(Y, fins 0) (o)

REMARK 6.2. This arithmetic Lefschetz fixed point formula was inspired by
[29, Théoreme 3.5].

6.2 EQUIVARIANT ARITHMETIC (GGp-THEORETIC VANISHING THEOREM

The central actor in the proof of Theorem 6.1 is the following vanishing theorem
in equivariant arithmetic Gy-theory, which can be viewed as a translation of
Theorem 3.1.

THEOREM 6.3. Let notations and assumptions be as in last subsection. Let 7
be an equivariant hermitian sheaf on X, and let

VU: 0—&,——& —§—iq—0
be a resolution of 1,7 by equivariant hermitian vector bundles on Z. De-

note by h,,, . the push-forward homomorphism from I/(\()(Zun,un,N;fR \ {0})
to é\o(Y, fin, 0) with respect to the Kihler form w?. Then the formula

7O (=) Torg, (77, 02,,)) = by, (1) (& 12,.)

= [ nETa@h) + [ Tas T (P, ()R,
ZQ/Y Xg/Y

[ ey Tay (W) TA(T £y, %), Ty |,
X,/Y

holds in Go(Y, jin, 0).

Proof. Following the same arguments given in the proof of Lemma 3.9, we may
show that the deformation to the normal cone W (i) admits an equivariant
hermitian very ample invertible sheaf £ which is relative to the morphism
1:W(i) = Y. By Theorem 3.1 and the fact that £ is very ample, we conclude
that there exists an integer ko > 0 such that for n > ko, £L%" is l-acyclic and
5(¥(n)c) = 0. Then [ factors through an equivariant projective space bundle
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P(E) where & is locally free of rank r + 1 on Y and [,L®* is an equivariant
quotient of £. Denote by p : P(£) — Y the canonical projection. On P := P(E),
we have a canonical exact sequence

H: 0—0p—p(EV)1)— - —p"(A"TEVYr +1) — 0.
Restricting this sequence to Z, we obtain an exact sequence of exact sequences
0—=T - TRr(EV)() = = TRA(ATTE)(r+1) — 0.

Endow £ with any p,(C)-invariant hermitian metric. We claim that the as-

sumption that Theorem 6.3 holds for ¥ ® h*(/\"fv)(n) with n > 1 implies that
it holds for W. In fact, since H is an exact sequence of flat modules, for any
k > 0 we have the following exact sequence on X,

0 — Torh, (1.7, 07,,) —Torh (i.7.07,.) ® f (€ )(1) — -
—Tork (i.7,07,.) @ fi (NYE)(r+1) — 0.

We compute

fuZn N (Tor’éz (347, @Z“n )
r+1
=17 (=Y (1) Torly, (1.7.0z,,) @ f;, (NE)(5))

j=1

+ / Td(T f,, w%)chy (NF by (7) (1) chy (F)
X, /Y

and

(=1)*hp Ek |2,..)

r+1

k=0 ~
3 -1 Th Veho (EN(—1)"eh. (H).
+kzzo( 1) /Zg/s Td(Thy)chy(€;,)(—1) b, ()

Moreover, we have

/ Td(T fy)chy(Torg,, (isn, Oz, ) R(N,)
Xg/Y

r—+1
= /X Jy — Z(_l)jchg(TorkéZ (im, OZun) ® f;" (Ajgv)(j))R(Ng)Td(ng)

j=1



46 SHUN TANG

and

| mEraan,)
Zg/Y

- / Td(Thy) {6, Td; " (W)chy (7)(~ 1) chy ()
Z,]Y

g

m . r+1 ) o .y
=D (=1)Fehy (§) (=) ehy (H) = > (=1) T, (& )chy(hy, (NE)()}
k=0 j=1

by the double complex formula of equivariant Bott-Chern singular currents. At
last, we also have

/ ehy ()T (RYTA((T fp, %), Ty |y,
X,/Y
r+1

:/X /Y{ddc(_l)rﬂghg(ﬂ)dlg(ﬁ) - Z(—l)jchg(ﬁ(g@ f*(/\jzv)(j))}

Ty (N)TA(T fg,03), Thy |,
—— [0y (R, ) - {4, (W) AT
X,/Y

— Td(T fg,w)z()ng*l(F)}
r+1
/ Yehy(1® f*(WE) () Tdy (N TA(T fy %), Thy |x,)-
Xg/Y ]

Gathering all these computations above and using our assumption, we get
f2..Q (=1 Torg, (.7, 02,,)) = b, O _(=1)E, |2,.,)
[ TETa@h) - [ TAs, e (P, ()R,
Z4]Y X,/Y

- / | by () (V) TA(T 1 ). T |,

Xg

- / DA fgrf )T (Fhehy(3)(-1)"*" chy ()

1M <

> /Z TRy e E) (-1 el ()

o (N)ehy (7)(=1)"* chy (H)

+Z / d(Thy)chy (€,)(~1)"* " chy (H)

k=0 Zg]Y
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+ / (—1)"*chy (H)chy (7){Td, ' (N)Td(Th,)
X,/Y
- Td(ng,w)Z()ngl(F)}

which vanishes. This ends the proof of our claim.

By the construction of the projective space bundle P, we have already known
that §(¥(n)c) vanishes from n = 1 to n = r + 1. Moreover, according to the
projection formula of higher direct images, the operation of tensoring with the
element l*(/\"?v) doesn’t change the property of l-acyclicity. Hence we also
have 6(¥ ® h*(/\"?v)(n)c) = 0. By the generating relations and the definition
of push-forward morphisms of arithmetic Go-groups, this is equivalent to say
that Theorem 6.3 holds for ¥ ® h*(/\”gv)(n). Therefore the equality in the
statement of this theorem follows from our claim before. O

COROLLARY 6.4. Let notations and assumptions be as in Theorem 6.3, and let
x be any element in Ko(Z, pin,0)(p). Then the formula

£2 0 |x,, - Y (=1)FTorg, (.77, 0z,,)
Zun - (1M (&,

—hy,, (z

[ n@TaTh, e,
Z,]Y

Zyun )

[ AT T () (RN ey i°2)
X,/Y

+ / chy (7)Td, * (N )ehy (i*2) TA((T 4, w% ), Thy |x,)
X,/Y

holds in Go(Y, i, 0) (p)-

Proof. If z = E is an equivariant hermitian vector bundle on Z, then {. ® E
provides a resolution of i, (7®i* F). Hence the formula follows from Theorem 6.3
in this case. If x = « is represented by some smooth form, then

Z (Z*Jj |Xun .Z(_l)kToréZ(i*ﬁ’éz“"))

Mm%

_ / TA(T £, w% )Td; (F)ch, (7)dx, o
Zg/Y
and

By @ 2 - SO E 12,)) = / Td(Thy)a S (—1)*chy (E,):

9/Y
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Moreover, by the module structure on C/J\O(Z, n,S) we have
/ T,(€)Td(Thy)chy(x) :/ chg(ﬁ)ngl(ﬁ)éngd(Thg)a
Z4]Y Zg]Y
[ 1)y @I
Z,]Y

and

/ TA(T f,)Td,  (F)chy(n)R(Ng)chy(i*z) = 0.
Xg/Y
Finally, using the definition of Td we compute

/ Chg(ﬁ)Td;1(N)Chg(i*x)ﬁ((ng, w¥), Thy |x,)
X,/Y
_ / TA(Tf,, w%)Td; * (F)chy(7)dx, o
Z,]Y
- / b, (7) T (W)6x, Td(Thg)a.
Z,]Y

Gathering all computations above, we know that the formula still holds for =
which is represented by smooth form. Since both two sides are additive, we are
done. O

COROLLARY 6.5. Let notations and assumptions be as in Theorem 6.3, and let
y be any element in KO(ZM,un, 0)(p)- Then the formula

7 (it g S ()Mot (1.7,04,.)) — by (- S (-DF G [2,.)
- / T, (€)Td(Thy)chy ()
Z_q/Y

+/ Td(T f,)Td, ' (F)chg(n)R(Ng)chy (ir, v)

X,/Y

[ ey T W)ehy i, )T fy, %), Ty |x,)
g/Y

holds in Go(Y, i, 0)(p).-

Proof. Provided Corollary 6.4, it is enough to prove that for any y €
KO(Z,M,;L", 0)(p) there exists an element x € KO(Z fin, D) (py such that iz = y.

Here i stands for the inclusion Z,,, — Z. Actually, set x = Z'Z*()‘:}(W;/Z,m )-
y), we have

- e 1V —V Y
Lzl = @ZzZ*(/\—%(NZ/Z‘“L) y) = Afl(NZ/Z“n) ’ )‘—%(NZ/Z‘,,L) "Yy=Yy.

This follows from our arithmetic concentration theorem. O
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6.3 PROOF OF THE FIXED POINT FORMULA

In this subsection, we provide a complete proof of Theorem 6.1 the singular
Lefschetz fixed point formula. Before that, we need to translate Bismut-Ma’s
immersion formula to an arithmetic Go-theoretic version. That’s the following.

THEOREM 6.6. Let notations and assumptions be as in Section 6.1. Assume
that 7 is an equivariant hermitian sheaf on X and . is a bounded complex of
equivariant hermitian vector bundles providing a resolution of 1.7 on Z whose
metrics satisfy Bismut assumption (A). Then the equality

m

F2m) — S (1) hE,) = / chy (1) R, (N)Tdy (T f)
, X

g/Y

Jr/zg/y Tg(f.)ng(Th)
T, (7 f.0R), TR )1, )
X,/Y

holds in Go(Y, jin, 0).

Proof. We first suppose that n and €. are all acyclic, then the verification follows
rather directly from the generating relations of arithmetic Go-theory. In fact
FE@) =Y (D ha(€)) =Fan = Ty(wF, h7) = Q (=1 (h&j = Ty(w?, b))

7=0 3=0
=chy (h,E) — Ty(w%, h") + 3 (1) Ty(w?, h%).
j=0

And the right-hand side of the last equality is exactly the left-hand side of
Bismut-Ma’s immersion formula. We emphasize again that to simplify the
right-hand side of Bismut-Ma’s immersion formula, we have used an Atiyah-
Segal-Singer type formula for immersion

ig*<Td;1(N)Chg($)> = chy (i (2)).

To remove the condition of acyclicity, one can use the argument which is es-
sentially the same as in the proof of Theorem 6.3. Since it doesn’t use any new
techniques, we omit it here. O

DEFINITION 6.7. The inclusion ¢ : X — Z induces an embedding morphism

which is defined as follows. o
(i). For every up-equivariant hermitian sheaf 77 on X, suppose that &. is a
resolution of 4,7 on Z whose metrics satisfy Bismut assumption (A), i.[7] =

Sk (= DF[ER] + To(E).

(ii). For every o € U(X,,,0), i = oszg_l(N)(SXg.
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REMARK 6.8. Similar to Theorem 5.2 and Lemma 5.3, one can prove that the
embedding morphism is a well-defined homomorphism of R(u,)-modules.

Proof. (of Theorem 6.1) We first prove that this fixed point formula holds
when w¥ is equal to w%, namely the Kihler metric on X (C) is induced by
the K&hler metric on Z(C). By Theorem 6.6 and Definition 6.7, we have the
following equality

F7 (@) =hin () + / chy () Ry (N)Td, (T f)
Xg/Y

[ e @Ta, (L), TH ) Td, (W)
X,/Y

which holds in é?)(Y, tn,0). Now we claim that for any element y €
Ko(Z,,, , pon, N;/,R \ {0})(,), we have

hun*(y) —hiiz,(y) = hun*(y : Rg(NZ/Z,m))'

Since all morphisms are homomorphisms of R(u.,)-modules, we can only con-
sider the generators of Ko(Z,,tn, N,z \ {0}). Indeed, by applying Theo-
rem 6.6 to the closed immersion iz, for any equivariant hermitian vector bundle
E on Z,,, we have

hy, (E) — hyiz.(E) :/ ) chy(E)Ry(Ngz/z,,)Tdg(Thy)
Z4]Y

=hy,,(chy(E)Ry(Nz/z,,))-
The first equality holds because the exact sequence

0— Thy, —>T7h\zg—>ﬁz/zg -0

is orthogonally split on Z, so that ﬂg (Thy,Th | z,) = 0. The second equality
follows from [20, Lemma 7.3] and the fact that chy(E)Ry(Nz,z,, ) is dd°-closed.

On the other hand, let a be an element in LN{(ZM, N,z \ {0}), we have

hy, (@) = Bz, () :/

aTd,(Th,) — / aTd; ' (Nz,z,,)Tdy(Th)
Zy]Y

Z4]Y

= / aTd,'(Nzz,, )ddCTTig(TTg,ﬂ |z,) = 0.
Zy]Y

Combing these two computations, we get our claim by linear extension.
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Now using arithmetic concentration theorem, we compute

huie () =huiz iz, Ve (7))
=hy, iz "ix() - (1 = Ry(Nzyz,,)))
=hy, AT (Nyz,.) -z'z*zm) (1= Ry(Nzyz,.))
=Ny, (AZ1( N}/zw {Z "k 12,)
+Ty(€)) - (1= Ry(Nzyz,,))}
=hy, . AT (N7yz,.) Z(— ) (€ 12,)

+hy,,, (ng (NZ /Zum )Tg (€))
1)

_hun* Zun Z(

k

Ch (&)R (NZ/ZM ))-

According to Corollary 6.5, by setting y = )\j(ﬁé/zw ), we compute

hﬂn*( NZ/Z“.,L Z é-k: |Z[.L!L )

S

=17 (i, O (N 2)2,,)) - D (=) Torby, (1.7, 07,,)

- /Z T, (E)Td(Thy)Tdy(N 1/2,)
[T ()b () RN, T, (N 2,)
- /X ey ()T (V) Tdy (N 1), ) TA(T . %), Ty |x,)
=fZ (it AA(N gz, ) D (=1 Torby, (.77, 0z,,))
[ @ - [ T, m R,
Zg/Y Xg/Y

- /X ehy ()T (NYTdy (N 52, YTA((T f %), Ty |x, ).

Here we have used various relations of characteristic forms or classes arising
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from the following double complex

0 0 0
00— (Tfg,w%) Thy Ny 0
0 — (Tf,wg) Th N 0
0 — (Nx/x,,w¥) Ny z, F 0
0 0 0

whose columns are all orthogonally split. Also, for this double complex, we
would like to mention that an argument completely similar to the proof of the
equality [20, (26)] (just translate it to the relative setting) implies that

Tdy((Tf,w%),Th |x) =Tdy(F,w%)Td(Ny)Td(T fy,w%)
+Td(T fy,w%), Thy |x,)Tdg(N7/2,). (11

We deduce from (11) that

/ chy (M Tdy (T f, %), Th | x)Td; " (V)
Xg/Y
:/X . chy () TA((T £y, %), Thy |x,)Td; (N)Tdy(Nz7,)

[ ey T, ()T (BT Sy ) (12
X,)Y

Moreover, we have

by, * (ng (NZ/Z,M )Tg (g)) = Ty (?)Td(TTLg) Tdy (NZ/ZQ )

T,(&.)Tdy(Th) (13)
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and

P Ty (N2 2,,) 32 (=1) elig(€0)Ro (N2,..)
k
:/Z v Tdy(Nz)z,, )5XgChg(n)ng_1(N)RQ(NZ/ZH)Td(Thg)

- /X |, TV, T (P ()05 ()
[Ry(Nx/x,) + Ry(N) = R(N,)Td(T £, TA(N,)

:/X Iy Tdy(Tf)chg(n)[Ry(Nx/x,) + Rg(N) — R(N)]. (14)

Gathering (12), (13) and (14) we finally get

2@ =17 G, A1(Nzyz,,)) - Y _(=1)FTorg, (.77, 0z,,))
k

4 / TA(T f,, w4 )by (1) Tdy (F, w )Td;  (F)
Xg/Y )

_ / Tdy(T f)chy(n) Ry(Nx/x,)
X,/Y

which completes the proof of Theorem 6.1 in the case where the Kéhler metric
on X (C) is induced by the Kahler metric on Z(C).

In general, in analogy with the notation ﬁi(ng,wX,w)Z(), we write

rfag(NX/Xg,wX ,w)Z() for the secondary characteristic class of the exact
sequence

0—— Nx/x, L>Nx/xg —=0——>0

where the middle term carries the metric induced by w% and the sub

term carries the metric induced by w¥. Similarly, we have the notation

ﬁlg(Tf, wX,w%). Then by applying the argument in the proof of (11) to
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the double complex

0—— (ng,wX)  — (ng,w)Z() —0—0

0—— (Tfw") ——= (Tfw§) —=0—>0

We get
fag(Tfa WX7W)Z() :ﬁ(ng,wX7w§)ng(NX/Xg’w)Z()
+Tdy(Nx/x,, w0, wf)TA(T fy,wX).

Moreover, by [28, Proposition 2.8], we obtain that
Tdy(F,w™) = Tdy(F,w%) + Tdy(Nx/x,,w™,w%)Td,(F).

With these two comparison formulae, we can compute

/ Td(T ™ ehy (7) Tdy (F, 0¥ Td;  (F)

X,/Y
- / Td(Tf,,w%)chy (7)Td, (F, wi)Td;  (F)
Xy/Y

- / Td(T ™ by (1) Tdy (F, 0¥ Td; | (F)
Xg/Y

- / Td(T ™ by () Ty (F, i Td; (F)
Xg/Y

4 / Td(T ™ by () Ty (F, i) Td; (F)
Xg/Y

- / TA(T % )chy (7)Tdy (F, w2 ) Td; (F)
Xg/Y

- / TA(TS,, ™, W )chy (7)
X_q/Y

- [Tdyg(Nx/x,w%)Tdy(F) — ng(NZ/Zg)]ng_l(F)
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[ A g ey ()T, (Va0 0F)
X,/Y '
= [ ey, Tse¥ )
X,/Y
[ TAT L Ry, (V2,10 (F),
X,/Y
At last, using [20, Lemma 7.3], we get the equality

fum) — F2 ) = / ehy (1) Tdy (T, %),

XY

Together with the fact that the other two terms have nothing to do with the
choice of the metric w™, we finally obtain that

fo) =f7 (05, 021N gy2,,)) - > (=1)*Torp, (i1, 02,,))
k

4 / TA(T ™ )ch, (7)Td, (F, o) Td;  (F)
Xg/Y

[ T, R (Nax,)
Xg/Y

+ / TA(T fy. w0 )by () Tdy (N 77, )T L (F)
X, /Y

which ends the proof of Theorem 6.1. O

REMARK 6.9. Let Y be an affine arithmetic scheme Spec(D), and choose w*X
to be the induced Kéhler form w%. Then the formula in Theorem 6.1 is the
content of [23, Conjecture 5.1].
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