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Abstract

Let X be a manifold on which a discrete (pseudo)group of diffeomorphisms I"
acts, and let E be a '-equivariant vector bundle on X. We give a construction of
cyclic cocycles on the cross product algebra C§°(X) x I' representing the equivari-
ant characteristic classes of E. Our formulas can be viewed as a higher-dimensional
analogue of Connes’ Godbillon-Vey cyclic cocycle. An essential tool for our con-
struction, which allows us to overcome difficulties arising in the higher-dimensional
case, is Connes-Moscovici’s theory of cyclic cohomology of Hopf algebras.

1 Introduction

In the paper [4] A. Connes provided an explicit construction of the Godbillon-
Vey cocycle in cyclic cohomology. The goal of this paper is to give a similar
construction for higher secondary classes.

First, let us recall Connes’ construction. Let M be a smooth oriented mani-
fold and let I' C Diff " (M) be a discrete group of orientation-preserving dif-
feomorphisms of M. Let w be a volume form on M. Define the following
function on M x I': §(g) = %g, where the superscript denotes the group ac-

tion. Then one can define a one-parametric group of diffeomorphisms of the
algebra A = C5°(M) x I by

o(aly) = a5(g)itUg (1.1)

This is the Tomita-Takesaki group of automorphisms, associated to the weight
on A given by w.

Consider now the transverse fundamental class —the cyclic g-cocycle on A
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given by

T(aogUygy, a1Uy, , . .., aqUy, ) =

% [ apdaf*dad™® ...dad" """ if gogy...g, =1
M (1.2)
0 otherwise

To study the behavior of this cocycle under the 1-parametric group (1.1),
consider the “Lie derivative” £ acting on the cyclic complex by L& = % lt=0 @&,
& being a cyclic cochain. It turns out that in general 7 is not invariant under
the group (1.1), and that L7 # 0.

However, it was noted by Connes that one always has
L7 =0 (1.3)

and that £%7 is invariant under the action of the group (1.1). One deduces
from this that if 5 is the analogue of the interior derivative (see [4]), then
ts L7 is a cyclic cocycle.

This is Connes’ Godbillon-Vey cocycle. It can be related to the Godbillon-
Vey class as follows. Let [GV] € H*(Mr) be the Godbillon-Vey class, where

Mr = M xrp EI' is the homotopy quotient. Connes defines a canonical map
¢ : H*(Mr) — HP*(A). Then one has

O([GV]) = [1sL7] (1.4)

The class of this cocycle is independent of the choice of the volume form. To
prove this one can use Connes’ noncommutative Radon-Nicodym theorem to
conclude that if one changes the volume form, the one-parametric group ¢,
remains the same modulo inner automorphisms.

A natural problem then is to extend this construction to cocycles correspond-
ing to other secondary characteristic classes. It was noted by Connes [5] that
if instead of a 1-dimensional bundle of g-forms on M one considers I' equivari-
ant trivial bundle of rank n, then in place of the 1-parametric group (1.1) one
encounters a coaction of the group GL,(R) on the algebra A. The difficulty
is that for n > 1 this group is not commutative, and one cannot replace this
coaction by the action of the dual group, similarly to (1.1).

In this paper we show that the Connes-Moscovici theory of cyclic cohomol-
ogy for Hopf algebras (cf [6,7]) provides a natural framework for the higher-
dimensional situation and allows one to give a construction of the secondary
characteristic cocycles.



The situation we consider is the following. We have an orientation-preserving
action of a discrete group (or pseudogroup) I' on the oriented manifold M,
and a trivial bundle £ on M that is equivariant with respect to this action.
Well-known examples in which such a situation arises are the following (cf.
[5], [16],[6]). Let V' be a manifold on which a discrete group (or pseudogroup)
G acts, and let Ey be a bundle (not necessarily trivial) on V', equivariant with
respect to the action of G. Let U, © € I, be an open covering of V' such that
the restriction of F' on each U; is trivial. Put M = UU;, and let E be the
pull-back of Ey to M by the natural projection. Then we have an action of the
following pseudogroup I'on M: T" = {g, ;| g € G'i, j € 1}Uid, where Dom g, ; =
g (U;)NU; C Uy, Rang, ; = g (U;) NU; C Uy, and the natural composition
rules hold. The bundle F is clearly equivariant with respect to this action. Our
construction, described below, provides classes in the cyclic cohomology of the
cross-product algebra C§°(M) x I', rather than in the cyclic cohomology of
C3° (V) x G. However, the cross-product algebras C§°(M) x I" and C3° (V) x G
are Morita equivalent, and hence have the same cyclic cohomology.

Another natural example is provided by a manifold V' with a foliation F', and
a bundle Ej which is holonomy equivariant. We can always choose a complete
(possibly disconnected) transversal M, such that the restriction E of Ey to
M is trivial. Let T' be the holonomy pseudogroup acting on M. E is clearly
equivariant with respect to this action. In this case again the cross-product
algebra C§°(M) » I' is Morita equivalent to the full algebra of the foliation
Ce(V, F).

We then construct a map from the cohomology of the truncated Weil algebra
(cf. e.g. [14]) W (g, O,), to the periodic cyclic cohomology H P*(.A) of the al-
gebra A = C§°(M) x I'. The construction is the following. We consider the
action of the differential graded Hopf algebra H (G L, (R)) of differential forms
on the group GL,(R) on the differential graded algebra (M) x I', where
Q5 (M) denotes the algebra of compactly supported differential forms on M.
The use of differential graded algebras allows one to conveniently encode dif-
ferent identities, similar to (1.3). We then show that Connes-Moscovici theory
(or rather a differential graded version of it) allows one to define a map from
the cyclic complex of H (GL,(R)) to the cyclic complex of (M) x I'. After
this we the relate cyclic complex of H (GL,(R)) to the Weil algebra, and the
cyclic cohomology of §§(M) x I' to the cyclic cohomology of A.

It would be interesting to extend the methods of this paper to the situation
of nontrivial bundles, and obtain the answer involving connections and curva-
tures, as done for the primary classes in [12,13]. It would also be interesting to
relate our constructions with the work of E. Getzler [10], where Hopf algebra
of differential forms on Lie group is used to give construction of equivariant
characteristic classes for noncompact Lie groups.



The paper is organized as follows. In the next two sections we discuss cyclic
complexes for differential graded algebras and differential graded Hopf alge-
bras respectively. In section 4 we show that two different Hopf actions, which
coincide “modulo inner automorphisms”, induce the same Connes-Moscovici
characteristic map in cyclic cohomology and discuss some other properties of
the characteristic map. In section 5 we construct the action of H (GL,(R))
on Q5(M) x I'. In section 6 we relate cyclic complex of the Hopf algebra
H (GL,(R)) with the Weil algebras. Finally, in section 7 we prove an ana-
logue of formula (1.4) for the cocycles we construct.

I would like to thank D. Burghelea and H. Moscovici for many helpful discus-
sions.

2 Cyclic complex for differential graded algebras

In this section we collect some preliminary standard facts about cyclic coho-
mology of differential graded algebras, and give cohomological version of some
results of [11].

Recall that a cyclic module X* is given by a cosimplicial module with the face
maps 0; : X" ! — X" and degeneracy maps o; : X" — X"1 0 < i < n,
satisfying the usual axioms. In addition, we have for each n an action of Z,,
on X", with the generator 7,, satisfying

Tn(S,- = (51;17'”,1 for 1 S ) S n and Tn(SO = (511 (21)
TaO; = 01Ty for 1 < i < n and 1,00 = JnT,fH (2.2)
7t = id (2.3)

For every cyclic object one can construct operators b : X" — X"*! and
B: X" — X" ! defined by the formulas

b= So(-1), (2.4

B = (Ti:<_1)j(n_1)75—1) Opt1(l — (_1)n_17n) (2.5)

where

Op+1 = OpTp+1 (26)



These operators satisfy

b’ =0 (2.7)
B*=0 (2.8)
bB + Bb=0 (2.9)

Hence for any cyclic object X* we can construct a bicomplex B**(X) as fol-
lows: BP9, p, g > 0is XP~% or 0 if p < ¢, and the differential BP9 — BPT14
(resp. BP4T1) is given by b (resp. B). By removing the restriction p, ¢ > 0 we
obtain a periodic bicomplex Bpe;. Notice that it has periodicity induced by
the tautological shift S : BiL — BrELATL,

per

Now let 2* be a unital positively graded algebra. We can associate with it a
cyclic object as follows (the differential d is not used in this definition).

Let C*(Q2*) be the space of continuous (k + 1)-linear functionals on Q*. The
face and degeneracy maps are given by

(5]'@5)(@0, ay, ... ,ak+1) :d>(a0, N L ES R ,a/kJrl) for 0 < j <n-1
(6nP)(ag, @y, ..., apyq) =(—1)dc8m+1ldegaottdegar) g, a0 ar, .. ap) (2.10)

(Jj¢)(a0, .. ,ak_l) = d)(ao, -y Ay, 1, Qjt1y--- ak—l) (2].].)

and the cyclic action is given by
(1) (ag, - . ., ap) = (—1)deear(degaotdegar—) g, g0 aqp ) (2.12)

Cohomology of the total complex of the bicomplex B (resp. Bpe:) where we
consider only finite cochains, is the cyclic (resp. periodic cyclic) cohomology

of Q*, which we denote HC*(Q2*) (resp. HP*(Q2")).

Suppose now that Q* is a differential graded (DG) algebra with the differential
of degree 1. We say that ¢ € C*(2*) has weight m if ¢(ag, ay, . . ., ax) = 0 unless
degag + dega; + - -+ + degap = m. We denote by C*?(Q*) C C*(Q*) set of
weight (—p) functionals. Notice that in this case each C*(2*) is a complex in
its own right, with grading defined above, and with differential (—1)*d, where
we extend d to C*(Q*) by

k
dd(ag, ar,. .. ap) = _(—1)%€0Td8%1g(q0 . daj,...,ap)  (2.13)
7=0

Then db — bd = 0, dB — Bd = 0, and hence in this situation B and Bpe be-
come actually tricomplexes. Cyclic (resp. periodic cyclic) cohomology of the
DG algebra (Q2*,d) is then defined as the cohomology of the total complex



of the tricomplex B (resp. Bper), where we consider only finite cochains. No-
tations for the cyclic and periodic cyclic cohomologies are HC* ((€2*,d)) and
HP*((Q2*,d)).

One can show that cyclic cohomology can be computed by the normalized
complex, i.e. one where cochains satisfy

qb(ao,al,...,ak):()if aizl, ZZ 1 (214)
We will need the following result about the cyclic cohomology.

Theorem 1 Let A = Q° be the 0-degree part of Q0* (which we consider as
a trivially graded algebra with the zero differential). We then have a natural
map of (total) complexes I : Bper(A) — Bper ((2*,d)) (extension of multi-
linear forms by 0 to Q*). Then the induced map in cohomology HP*(A) —
HP*((Q*,d)) is an isomorphism.

To prove the theorem and to write an explicit formula for the map R :
Bper ((€2%,d)) — Bper(A), inducing the inverse isomorphism in the periodic
cyclic cohomology, we need the following fact (Rinehart formula) which we
use as stated in [11].

Let D be a derivation of the graded algebra 2* of degree deg D, i.e. a linear
map D : QF — Q*FTdeeD gatisfying

D(ab) = (Da)b + (—1)dePdeag D(p) (2.15)

It defines an operator on the complex B(Q*), by

k
Lpd(ag,ar, ... a;) =D (=1)dsPlottu-ngq, . D(a),...,a;) (2.16)

1=0

which commutes with both b and B. The action of this operator on the peri-
odic cyclic bicomplex is homotopic to zero, with the homotopy constructed as
follows. Define operators ep : C*¥~1(Q*) —: C*(Q*), Ep : C*1(Q*) — C*(Q¥)
by

epp(ag, ay,...ax) = Ap(D(ag)ag,ay ..., ax_1) (2.17)
Eng(ao,al,...ak):,u Z gb(l,ai,aiﬂ,...,aj_l,Daj,...,ak,ao,...)
1<i<j<k
(2.18)
where
A\ = (_1)k+1+degak(degao—i—-n—f—degak_l) 2‘19)
= (_1)ik+1+(degai+...degak)(degao+...degai_1)+degD(degai+_._dega]-) (220)



Then

[b+B,€D+ED] :ED (221)

We now proceed with the proof of the Theorem 1

Proof of the Theorem 1 Consider the derivation D of degree 0 given by
Da = (deg a)a. On the multilinear form of weight m D acts by m. Define the
homotopy h to be %(eD + Ep) on the forms of weight m > 0 and 0 on the
forms of weight 0. We define map of complexes R : Bper ((€2*,d)) — Bper(A)

by
R = ¢ (dh)"¢ for ¢ € CF™ (2.22)
where

m27m

Chm = (—1)F"F7 (2.23)

This is a map of (total) complexes. Indeed, using identities (b+B)h+h(b+B) =
id and (b+ B)d — d(b+ B) = 0, we have:

(b+ B)Rp — R(b+ B+ (=1)*d)¢ =
cem (((b+ B)(dh)™ — (=1)"™(dh)"™ (b + B)) + (=1)"(dh)"'d) ¢ =
Cem (—(=1)™(dh)™ d + (~=1)™(dh)"'d) ¢ = 0 (2.24)

It is clear that
Rol=id (2.25)
We denote by 0 = b+ B £d the total differential in the complex By, ((2*,d)),
where we denote by £d (—1)*dacting on C*™, Then for I o R we have
IToR=id— (0o H+ Ho0) (2.26)

and the homotopy H is given by the formula
m—1 )
Hp =" ¢ h(dh) ¢ for ¢ € C*™ (2.27)

j=0

This equality can be verified by direct computation as follows.



For actions on C*~—™

Ho (b+ B) mz; crj((dh)? — (b+ B)h(dh)’) + ni: crj(—=1)7(hd)?  (2.28)
(b+B)oH = ﬁij cr;(b+ B)h(dh) (2.29)

mz i(hd)’t = mzll Veer i1 (hd)?  (2.30)

= 2(—1)“ Lep i (dh)YT = mz Miepa(dh)? (2.31)

and adding these equalities we get the desired result.

Remark 2 We can give another formula for the map induced by R in coho-
mology. Define

R¢ = —T(ed + E))™¢ for ¢ € CF™ (2.32)

where as before

Crom = (—1) (2.33)

Then it is easy to see that R' defines a map of complexes and R o I = id, and
hence R' and R induce the same map in cohomology.

We now consider an analogue of the notion of Connes’ cycle over a differential
graded algebra. Let (2%, d) be a differential graded algebra. A cycle C of degree
p € Z over (2*,d) is given by the following data:

(1) Bigraded bidifferential algebra (C**,4,6), § : C+/ — C*1I [ § : CW —
Ch*L Here §, 6 must be differentials of C** satisfying

§2=0, 6°=0, 50+ 65 =0. (2.34)
We use the following notation: for a € CW dega = i+ 7, deg' a = 1,
deg” a = j, and 0 = § + 4. Notice that 9* = 0, due to (2.34).
(2) Homomorphism of DG algebras
o (O, d) > (C,6) (2.35)

(3) A finite collection of linear functionals {f,} on C* P k > max{0,p}



(extended by 0 to all C**) such that

/ Ja = 0 for all k (2.36)
k

/ [, ] = (—1)dse / 5(adp) for a € C**, 3 € O (2.37)
k k+1

With such a cycle one can associate its character, which is a p-cocycle in
B((Q*,d)). Its component in C*P~* is given by
k

Z(k—i)de w;
Xe(wo, wr, - -y wi) = (—1)i=0 ) /kp(wo)(s/)(wﬂ ... 6p(w) (2.38)

One verifies by a direct computation that

Byt =0 (2.39)
bxe + dxE™ =0 (2.40)

Hence {x&} is indeed a cocycle in the complex B((Q*,d)). Note that this
cocycle has a property of cyclicity, i.e. all of its component satisfy

¢(WO, Wiy ... ,wk) = (—1)k+degwk(degw0+"'degwk_l)gb(wk,wo, Ce ,wk_l) (241)

One shows, as in Connes [3] (this material can also be found in [5], III.1.a) ,
that one can compute cyclic cohomology using the complex of cyclic cochains.
Moreover, the proof from [3] shows that every cyclic cocycle is a character
of a cycle in the above sense. Cyclic cocycles which are coboundaries can be
interpreted as characters of vanishing cycles, defined as follows (as in [3]).
We say that DG algebra (Q2*,d) is algebraically contractible if there exist an
automorphism p of (2%, d) and an X € My(Q*) with dX = 0 such that

a 0 0 0
X! X = (2.42)

0 p(a) 0 p(a)

A cycle is called vanishing if (C%*,6) is algebraically contractible. Note that
Connes’ proof [3] (cf. also [5] p.191) applies without changes and shows that
the cyclic cocycle is a coboundary if and only if it is a character of a van-
ishing cycle. Note also that if (2%, d) is algebraically contractible, then QO is
algebraically contractible as well (as an algebra, and not as DG algebra), and
hence HC*(Q°) = 0.

Example 3 We will now describe the map I introduced above in this setting.
Let (0*,d) be a DG algebra, and A = Q°. Let 7 be a cyclic p-cocycle on A.
We will describe its image under the map I : Bpe,(A) — By, ((2%,d)) by an



explicit cycle of degree p over the DG algebra (2*,d). As the algebra C** we
take a universal DG algebra Q0*(2*) of the algebra 2*, where we view Q* just
as a graded algebra, and not DG algebra. (Le. it is an algebra spanned by the
expressions of the form apdoy ...da,, where oy € 2*. The product, as usual,
is defined so that the relation §(a’) = §(a)a’ + (=1)%8*ada’ holds, and the
differential is defined by 0(apday . ..0a,) = dagday ... 0, ). The bigrading is
introduced by putting agday ... 0, € C¥ if and only if r = i and deg gy +
degay + ...dega, = j. The differential § is already defined. We define the
graded differential § so that o = do for a € 0%, and relations (2.34) hold,
i.e.

dapday ... 0a,) =
dagday ... 0a, + Y _(—1)deecot-deraatan,so, . §(day) ... da, (2.43)
q=1
Finally we define {[.} as follows. [, is nonzero only if k = p, and in this

case it is a functional on CP?. CPC is spanned by the elements of the form
apday ...da,, a; € A, and we define

/a06a1 .0a, =T(ag, a, . .., ap) (2.44)
p

It is now straightforward to verify that the data above indeed defines a cycle
over (Q0*,d), whose character is IT.

Our goal now is to describe explicitly the image of the character of a cycle
under the isomorphism R : HP* ((2*,d)) — HP*(A), A = Q°.

Theorem 4 Let the cyclic cocycle {x&} be a character of a cycle C (C*’*, 5,0, f)
Then [Rx] € HP*(A) is the class of the cocycle in the (b, B) bicomplez given
by

CDZ((IQ, ag,y ... (le_p> =

! 2%—p
(—p + 2k + 1) ; (_1)Z(m_l)/kap(ai+l)-'~8P(G2k—p)p(ao)...8p(ai). (2.45)

PROQOF. First we note that ®¢ is indeed a cocycle. This is verified by a direct
computation, which can be found in [5], pp. 220-221. Next, we need to show
that the cocycle ®¢ constructed from the vanishing cycle C is cohomologous
to 0. This do this notice that ®¢ is a pull back of a cyclic cocycle from C%°
via the map p. As C is a vanishing cycle, HC*(C%%) = 0, and the statement
follows.

This shows that the correspondence {x5} — ®¢ is a well defined map R” :
HC* ((2*,d)) — HC*(A). Notice that R” o I = id, as follows from the de-

10



scription of the map I given in Example 3. This, together with the fact that
I: HC*(A) — HC*((Q*,d)) is an isomorphism, implies that R” defines a
map HC* ((2*,d)) — HC*(A), which is inverse to . As [ is an isomorphism,
R and R” must coincide, and the statement of the theorem follows.

3 Cyclic complex for differential graded Hopf algebras

In this section we reproduce Connes-Moscovici’s construction of the cyclic
module of a Hopf algebra (cf. [6,7]) in the differential graded context.

Let us start with the graded Hopf algebra H*. We need to fix a modular pair,
i.e. a homomorphism ¢ : H* — C and a group-like element o € H°. Using
the standard notations for the coproduct and antipode, define the twisted
antipode S5 by

Ss(h) =" S(h))d(hq)) (3.1)

Suppose that the following condition holds:

(a*1§5)2 = id (3.2)

Then Connes and Moscovici show that one can define a cyclic object (H”‘)ji =
{(H*)®n} 88 follows. Face and degeneracy operators are given by

oM. e =10he...0h"!
Si(h'e.. e =M. AW ®..@h" for 1 <j<n-1,
Shh®... .o H=e.. 0o
oh®.. o =e.. @ch)e... 0nptt (3.3)
The cyclic operators are given by
(' ® ... @ "t =
Z deghl degh/  _ L ) =~ =1
—1)i>i= e n
S (—1)F (Sh )(O) W o (Sh )(n_Q) @ (Sh )(n_l)a (3.4)

where
(Amtsnt) =32 (Snt) @ (Sht)

It is verified in [7] that the above operations indeed define a structure of a
cyclic module.

11



Hence we can define cyclic and periodic cyclic complexes of this cyclic mod-
ule. Suppose now that our Hopf algebra H* is a DG Hopf algebra with the
differential d of degree 1. Then complexes B and B, have an extra differential
defined to be (—1)"d on (H*)®", where we extend d by

d(h* @ h?-- @ h") = Y (—1)deehitedesh ™ gl o p2 - gpt. @ bt (3.5)

=1

We consider the total complexes of the finite cochains in the resulting tricom-
plexes and define cyclic and periodic cyclic cohomology of DG Hopf algebra
as cohomology of these complexes.

Suppose now that we are given an action 7 of a differential graded Hopf algebra
‘H* on Q*, which agrees with the differential graded structures on ‘H* and Q*,
i.e. in addition to the general properties of Hopf algebra action we have

degm(h)(a) = degh + dega (3.6)
d (m(h)(a)) = m(dh)(a) + (=1)**"7(h)(da)

where h € H*, a € Q0*. We will often omit 7 from our notations and write just
h(a) if it is clear what action we are talking about.

Suppose that ][ is a closed graded o-trace on ¥, -invariant under the action
of H*, i.e.

][da —0 (3.8)
][W(h)(a)b = ][cm (gﬁ) b (3.9)
][ab - ][bﬂ(a)(a) (3.10)

Then one has a map of cyclic modules y, : (H*)* — (%), defined by
Xa (B @2 ® B (ag, a1, .. . ax) = )\][aoﬂ(hl)(al) (B (ay)  (3.11)

where

Z deg hJ deg a;
A= (_1)j>i20

This map also commutes with the differential d, and hence induces a char-

acteristic map . : B(H*,d) — B(Q*,d), as well as corresponding maps in
cohomology.

12



4 Properties of the characteristic map

In this section we show that the characteristic map in cohomology does not
change if we twist the Hopf action by a cocycle (see (4.5) for the precise
definition). We also discuss certain truncated version of cyclic complex for
differential graded Hopf algebras.

We will consider now two actions of H* on 2* which are conjugated by the
inner automorphism (cf. [15]). We will work under the assumption that Q* is
unital, indicating the changes which need to be made in the nonunital case
in Remark 10. More precisely, let p* and p~ be two degree-preserving linear
maps from H* to 2*, which commute with the differentials. We suppose that
they are inverse to each other with respect to convolution:

> pt(hoy)p~ (b)) = e(h)1 (4.1)

Then one can define a new action «’ of H* on Q* by

7' (h)(a) =Y _(—1)%r@ 98T (b )m(hay)(a)p™ (h) (4.5)

Lemma 5 Fquation (4.5) defines an action of the DG Hopf algebra H* on
the DG algebra €2*.

PROOF. We check that all the required properties are satisfied. First

' (h)(ab) = D _(=1)*s 4R p* (hig))m(hay ) (ab)p™ (hee) =
Z(_l)(dega-‘rdegb) deg h(3) (_1)degadegh(2)p-l-(h(o))ﬂ.(h(l))(a)ﬂ.(h@))(b)p—(h(g)) —
Z(_l)(deg a+degb) deg hs) (_ 1)deg a(deg h(z)+deg h(3y+deg h(4))
p* (hy)m(hy)(@)p (he)p hym(ha)(b)p (h) =
Yo (=1)tsedston’ (h) ) (a)r' (hay)(b)  (4.6)

13



Then

' (hg)(a) =
Z(_l)deg a(deg h(2)+deg 9(3))P+(h(O)g(O))W(h(l)gu)) (a)p_ (h(g)g(g)) —
Z(_1>dega(degh(3)+degg(2)+degh(4))
P (h)m(ha)) (0" (90)) 7 (h@yg) (@) (he))p™ (9e)p~ (ha)) =
' (h) (7'(9)(a))  (4.7)

Also

7 (0)(1) = p* (ho)hy (L)p~ (hez) = (W)L (48)
7 (1)(a) =p" (Lap™ (1) = a

and

d(7'(h)(a)) = d)_(=1)%E24e e p* (h))m(h))(a)p” (hez) =
Z(_1)degadegh(s)p+(dh(0))7r(h(1))(a)p—(h(2))+
Z(_l)degadegh(3)+degh(0)
p* (hy) ((dha))(@) + (=1)*5 O 7 (b)) (da)) p~ (b)) +
Z( 1)degadegh<3)+degh(0)+degh(1)+dega ( © )W(h(l))(a) (dh(g)) —
m'(dh)(a) + (=1)%="

Suppose now that ][ is the closed d-invariant o-trace for both actions m and

7. In this case we have two characteristic maps x, and . from B(H*,d) to
B(£2*,d). Then we have the following

Proposition 6 Let m and 7’ be two actions of H* on Q*, conjugated by inner
automorphisms, and suppose that they both conditions (3.9),(3.10) are satis-
fied. Let x, xn be the corresponding characteristic maps. Then the induced
maps in cohomology HC* (H*,d) — HC* (2*) coincide.

PROOF. Let My(Q2*) = Q*®@M;(C) be the differential graded algebra of 2 x 2
matrices over the algebra 2*.We can define an action 7y of H* on Q* @ M,(C)
by me(h)(a @ m) = w(h)(a) ® m, where h € H*, a € Q*, m € M,(C). Put now

p;<h>(p+(h) 0) p2<h>(p<h) O) (411)
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It is easy to see that pj, p; satisfy equations (4.1)-(4.4), and hence we can
twist the action 7y by p3, p5 to define a new action 7}, as in (4.5):

my(h)(a @ m) =3 (=1)* " @9 pF (hg) )ma(hy ) (a @ m)py (b))  (4.12)

Consider now the linear functional ][ on My(€2*) defined by
2

7[2((1 ®m) = <][a> (trm) (4.13)

Then ][ is a closed graded d-invariant o-trace on M,(€2*) with respect to
2
the action ). Hence we can define the characteristic map x,, : B(H*,d) —

B (M(€2), d)

Consider now two imbeddings i, ¢’ : Q* < M(2*) defined by

i(a) = i'(a) = (4.14)

It is easy to see that i* o X = Xr and (i')" 0 Xx; = Xm- Now to finish the proof
it is enough to recall the well-known fact that ¢ and ¢ induce the same map
in cyclic cohomology. Since we will later need an explicit homotopy between
X~ and x, we give the proof below.

0—-1 cost —sint
Put uy = exp | = We define now homotopy be-
10 sint cost
tween ¢ and 7 by
. . . cost —sint 0 0 cost sint
ir(a) = wi(a)u; * = (4.15)
sint cost 0 a) \—sint cost

Notice that iy = 4, ir/o = i’. Consider the family of maps i; : B (M,(2*)) —
0—-1

B (). Since we have %i;(a) = [g,i;(a)], where g = these maps
10

satisfy 47 = i7L,, where L, : C*(My(Q*)) — C*(M5(Q)) is the operator

defined by

k
Lg¢(x07-"axk) = Z(b(xov"w[gaxj]"“axk)

Jj=0
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Define also an operator I, : C*(My(Q*)) — C*1(M3(Q2)) by

k—1
Lip(zo, .y xpe1) = Y O(Tos .o Ty gy Tjg1, - - Thom1) (4.16)

J=0

Then it is easy to verify that [b, 1] = L,, [B,I,] = 0 and [d, I,] = 0. Hence
L,=0I,+1,0,0 = £d+ b+ B. We conclude that i] — i = K0+ 0K, where
the homotopy K is given by K¢ = ng/Q iy L,dt.

Hence
Xx' — Xax = OH + HO (4.17)

where

H(hl ® h2 s ® hk>(a0,a1, .. .ak_1> =

KXTI’é<hl & h2 e ® hk)(ao, Ay, ... ak_l) =
> deghi dega; k—1

= (=1)7>z0 > /OTF/2 ][tr ir(ao)Th(hY) (ig(ay)) . . .

=0

my(h7) (in(az)) (W) (g)ma (W 72) (ir(ajan)) - . mo(RE) (in(ar—1))dt  (4.18)
Now note that the complex B (H*) has a natural weight filtration by subcom-
plexes F'B(H*,d), where

F'B(H*d) ={a1 ®ay---®@a; | degay +degay +...dega; > 1} (4.19)

Suppose now that ][has weight ¢, i.e.

7[@ — 0 if dega # g (4.20)

Notice that in this case x, reduces the total degree by ¢ Then following then
proposition is clear:

Proposition 7 The characteristic map is 0 on F'B(H*) for 1 > q.
Let B (H*,d), denote the truncated cyclic bicomplex:

B(H*,d), = B(H*,d) /JF"" B (H",d) (4.21)
Then we immediately have the following

Corollary 8 The characteristic map x, defined in (3.11) induces the map
from the complex B(H*,d)q to the cyclic complex of the differential graded
algebra 2*.

16



This new map will also be denoted x,.. We use the notation
HC*(H*,d), = H* (B(H",d),) (4.22)

for the cohomology of the complex B (H*, d),. The explicit form of the homo-
topy in the Proposition 6 now implies the following

Corollary 9 Assume that in addition to the conditions of the Proposition
6 the property (4.20) holds. Then the two maps in cohomology induced by
Xrs Xa : B(H*, d), — B(2) coincide.

PROOF. We use the notations of the proof of the Proposition 6. There we
established that x.» — xr = OH + HO. We need only to verify that H is well
defined on the quotient complex B (H*,d),. But since H = K o x, and X,
is easily seen to be 0 on F9"'B (H*, d), the result follows.

Remark 10 We worked above in the assumption that the DG algebra Q2 is
unital. Here we will indicate which modifications should be made to treat the
nonunital case. First of all, p™(h), p~(h) now don’t have to be elements of the
algebra, but rather multipliers, such that 7' defined in (4.5) is a Hopf action.
We need to require that if m is such a multiplier, then

fma = ][W(U)(a)m (4.23)

Ya € Q*. Then the the Proposition 6 remains true; characteristic maps in this
case take values in the B complex of the algebra * with unit adjoined. To
see this, we note that the action ™ of Hopf algebra H* on the algebra * can
be extended to the algebra of all multipliers satisfying (4.23); if p is such a
multiplier and h € H* we define w(h)(p) by the formulas

m(h)(p)a =Y w(h) (pr(S(h))a) (4.24)

ar(h)(p) = Yo m(hey) (7(S(heo)ap) (4.25)
where a € QF. With this definition one can construct actions ws and 7 ex-
actly as before. Then homotopy between two characteristic maps is still given
by explicit formula (4.17), which continues to make sense in the nonunital
situation. Actually one needs to use formulas (4.24) only to define mh(h)(g),

0 p*(h)
—p~(h) 0

which s easily seen to be

Finally, we collect all the information we will need to use in the next sections.

Theorem 11 Let (Q*,d) be a differential graded algebra, cmd][ a linear func-
tional on Q* of weight q, and let A = QO be the degree 0 part of Q. Let

17



be an action of the DG Hopf algebra H* act on the DGA Q*. Suppose that

][ is a d-invariant o-trace with respect to w. Then characteristic map (3.11)

defines a map in cohomology HC"(H*), — HP""%(A). Suppose now that @' is
another action of H* on Q, obtained from m by twisting by a cocycle (4.5).

Then ifj[ is a d-invariant o-trace with respect to 7', the maps in cohomology
HC'(H*), — HP""%(A) induced by Xr, X~ are the same.

5 Secondary characteristic classes

Let M be a manifold, and let I" be a discrete pseudogroup of diffeomorphisms
of M, acting from the right.

By this we mean a set I' such that every element ¢ of I defines a local dif-
feomorphism of M, i.e. diffeomorphism g : Domg — Rang, where Dom g,
Rang C M — open subsets of M, and that we have partially defined opera-
tions of composition and inverse such that

(1) If g € T then ¢! : Rang — Dom g is also in T.

(2) If g1,90 € T then g,¢go with domain g;*(Dom g, N Rang;) and range
g2 (Dom go NRang;) isin I

(3) id: M — M isin T,

Note that we use a wide definition of pseudogroups, and do not include any
saturation axioms.

Let E be a trivial vector bundle on M, equivariant with respect to the action
of I'. In other words, every g € I' defines for every z € Dom g a linear map
E, — E.

For the rest of the paper we suppose the following:

If g1 and go € T' are such that they induce the same diffeomorphisms and the
same action on the bundle, then g1 = go.

With this data one can associate the following groupoid G: the objects are the
points of M and the morphisms x — y, x, y € M are given by g € I such that
g(x) =y, with the composition given by the product in I'. Let A denote the
convolution algebra of this groupoid, i.e. the cross-product C§°(M) x I'. Let
O = (Q*(M) x I',d) denote the differential graded algebra of forms on G with
the convolution product, where the differential d is the de Rham differential.
We will use the usual cross-product notations wU, for the elements of this
algebra, where w € Q*(M), g € T'. Since I' is, in general a pseudogroup, we
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suppose that

suppw C Dom g (5.1)

Fix a trivialization of E. The action of I' on the bundle defines then a homo-
morphism

h:G — GL.(R) (5.2)

Let H (GL,(R)) denote the differential graded Hopf algebra of the forms on
GL,(R), with the product given exterior multiplication, coproduct, antipode
and counit induced respectively by the product GL,(R)x GL,(R) — GL,(R),
inverse GL,(R) — GL,(R) and the inclusion 1 — GL,,(R). The differential is
given by the de Rham differential on forms.

We now show that the map (5.2) allows one to define an action of H (GL,(R))
on "

Proposition 12 The map H (GL,(R)) @ Q* — Q* given by
m(a)(w) = h"(a)w (5.3)

where a € H(GL,(R)), w € QF defines an action of the differential graded
Hopf algebra H (GL,(R)) on the differential graded algebra Q*.

PROOF. We have:

m(agae)(w) = W (a1a)w = h* (1) h* (ag)w = 7(aq) (T(az)(w)) (5.4)

Next, if we write Aa = 3 o) ® 1) we have:
i

(@) (wow)(g) = h*(@)(g)wowr(g) = h*(@)(g) D wolgo)w!(g1) =

g9091=4g

Y D W () (go)h () (g1)wolgo)wi® (91) =

g9091=9 k

Y D (—1)dreedBo R (o)) (go)wo(go)h* () (g1)wi (g1) =

9091=9 k
z:(—l)deg“O dega(o)w(a(o))(wo)ﬂ(a(l)) (w1) (5.5)
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Also, if M is compact the algebra 2* has a unit given by the function

1 if g is a unit
(9) { 0 otherwise (56)

Then
m(a)(e) = h*(a)e = e(a)e (5.7)

Finally, we have

d(r(a(w))) = d(h*(a)w)) =
h* (da)w + (—1)%h* () dw = m((da))(w) + (—1)%% % (a)(dw) (5.8)

We now have a natural inclusion ¢ : M — G as the space of units. Then we
define a graded trace ][ on Q* by

][ - / i*w (5.9)

M

Proposition 13 The graded trace ][ is closed under the de Rham differential

and is invariant under the action of H, i.e.

][dw —0 (5.10)
][oz(w) — e(a>7[w (5.11)

PROOQOF. The first identity is clear, the second follows from the fact that
hoi: M — GL,(R) is a constant map, taking the value 1.

Hence we have a characteristic map B, (H (GL,(R)),d) — B(2*,d) where
q = dim M, which also gives us a map

X : HC: (H(GL,(R)),d) — HP* (C3°(M) x T) (5.12)

Definition of the action of H (GL,(R)) on %, and hence the definition of the
characteristic map given by (5.12) depends apriori on the choice of trivializa-
tion of E. However, as the following proposition in conjunction with corollary
9 shows, characteristic map is independent of the choice of trivialization.

Proposition 14 Suppose we use another trivialization of E to define an ac-
tion of H(GL,(R)) on Q*. Then the two actions are conjugated by the inner
automorphisms.
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PROOF. Let us chose another trivialization of the bundle E, and let U(z)
x € M be a transition matrix between the two bases of the fiber E,. Then we
have a new map h' : G — GL,(R), related to h by

W () = U(s()NU (r(7)) (5.13)
Let 7" denote the action corresponding to the map h'.

Consider now the pull-back U* : Q*(GL,(R)) — Q*(M) as amap H (GL,(R)) —
Q*, where we consider forms on M as the form on G which is 0 outside the
space of units. When M is not compact, we obtain not an element in algebra,
but rather a multiplier. Hence we see that if we define

o (a) = U"(0) (514
and
p(@) = (U)(a) = p*(Sa) (5.15)
we will have
(@) (w) = D _(=1)E @ LB o™ () )m(am) (@) (a) (5.16)

We can now summarize the results as follows.

Theorem 15 Let " be a discrete pseudogroup acting on the manifold M of di-
mension q by orientation preserving diffeomorphisms. Let E be a I'-equivariant
trivial bundle of rankn on M. Let H (GL,(R)) be the DG Hopf algebra of the
differential forms on the Lie group GL,(R). Then we have a map

X : HCL(H (GL,(R)),d) — HP™(Cg°(M) x T) (5.17)
which 1s independent of the trivialization of E.

We will make this statement more explicit in the next section by identifying

HCi(H (GL,(R)), d).

6 Relation with Weil algebras

In this section we use methods of [14], [17] and [8,9] to identify the cyclic
cohomology HC*(H (GL,(R)),d),. It turns out that

HC'(H(GLa(R)),d)g = B H™" (W(gla, On)y) , (6.1)

m>0
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where H* (W(gly, O,),) is the cohomology of the truncated Weil algebra (cf.
[14]). As a matter of fact, one can work with the DG Hopf algebra H(G) of
differential forms on any almost connected Lie group, and the result in this
case 1s

HC(H(G).d), = @ H™>" (W(g, K),). (6.2)

m>0

where K is the maximal compact subgroup of G. Computation of the Hochschild
cohomology of this Hopf algebra is essentially contained in [14], and, with a
little care using ideas from [8,9], one recovers the cyclic cohomology.

Let G be a Lie group with finitely many connected components. In the same
manner as in the previous section we can define a differential graded Hopf
algebra H(G) of differential forms on G. Let K be the maximal compact
subgroup of G. We will now construct the map of complexes from the truncated
relative Weil algebra W (g, K'), to the complex B, (H(G)).

Let NG denote the simplicial manifold with NG, = G x G x ...G The sim-
—_——

P
plicial structure is given by the face maps

0i(91,92, - 9%) = (91,925 - - - GiGit1s - ge) H1<i<Ek—1 (6.3)
(91, 95 1) if i = k
and degeneracy maps
O_i(gbg??"'vgk) = (gla-"7gi—171agi7"-7gk) (64)

The geometric realization of this simplicial manifold is the classifying space
BG. It is a union of manifolds A? x NG, modulo the equivalence relation (cf.
[9]). Note also that we have at our disposal an “integration over simplices” map
J from the de Rham complex of simplicial forms on BG to the simplicial-de

A
Rham complex of NG.

We will also consider simplicial manifold NG, with NG, = G x G x --- x G.

p+l

The face and degeneracy maps are given by
ai(g()aglﬂQQa"'7gk) = (907.@’“ ’gk) (65)
Ui(907917927 cee 7916) = (907 v agi—17giagiagi+17gk’) (66)

The geometric realization of this simplicial manifold is EG. The map pr :
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NG — NG given by

pr(gog1.---9p) = (9091 192 ' G9p19, ") (6.7)

defines a simplicial principal G-bundle EG — BG. Simplicial manifolds NG
and NG moreover have a cyclic structure, i.e. an action of the cyclic groups
Zy 41 on the p-th component, which satisfy all the necessary relations with the
face and degeneracy maps. The actions are given on NG by

Tp(gﬂ7glv-"7gp) = (917927"'791?790) (68)

Since the maps 7, are G-equivariant, they induce corresponding actions on
NG

Tp<g17 g2, .. 7gp) = (.927 g3, ... 7gp7 (9192 o gp)il) (69>

We will identify the p-cochains for the Hopf algebra H(G) with the forms on
NG,. Under this identification the simplicial structure on the Hopf cochains
corresponds to the one induced by the simplicial structure on NG, the de
Rham differential on the Hopf cochains corresponds to the de Rham differential
on NG, and the cyclic structure on the Hopf cochains is induced by the cyclic
structure on NG. Filtration by the degree of the differential forms on the Hopf
algebra cochains corresponds to the filtration by the degree of the differential
forms on the manifold NG.

We will now construct the map u from the complex W (g, K) to the simplicial-
de Rham complex of forms on NG, which preserves the filtration on these
complexes, following [9]. We do it by constructing the map from W (g, K) to
the complex of simplicial forms on BG, and then applying the integration map.
The complex of simplicial forms on BG has a natural bigrading. Let 6 be the
Maurer-Cartan form on G. Let p; : NG = GP*! — G be the projection on i-th
component. Consider on EG,, the g-valued differential form w =} ¢,0;, where
0; = pi0. It defines a simplicial connection in the bundle EG — BG. The
standard construction defines a differential graded algebra homomorphism
from W(g, K) to the complex of K-basic simplicial forms on EG, which we
identify with forms on the space EG/K. This space is a bundle over BG
with fiber G/K. This bundle has a section, which can be explicitly described
as follows. Since G/K has a natural structure of a manifold of nonpositive
curvature, for any finite set of points xg, z1, ..., 21 € G/K one can construct
a canonical simplex in G/K, i.e. a map o(zg,x1,...,23) : A¥ — G/K, with
vertices xg, 1, ..., T), and this construction agrees with taking faces of a
simplex, and is G-equivariant:

U(ngagxb s 7gxk’)<t0a tl? s 7tk) = 90(1’0, L1y 7$k)(t0at1a s 7tk) (610)
Denote by 7 the canonical projection G — G/K. Then the section s is given

by the simplicial map defined by the following formula, where we write just o
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for o(m(1),7(g1), 7(9192),---7(g1 - .. gr)(to, t1, - - -, tx):

S(gla927 s 7gk;t0a tl; o tk) -
(0, grto, (gig2) o, (g1 gr) tosto t, . .tk> (6.11)

Consider now the map s*o. It is clearly a homomorphism from the differential
graded algebra W (g, K) to the differential graded algebra of simplicial forms
on BG. We will show now that it preserves the filtrations on both algebras.
First we need the following statement:

Lemma 16 If ¢ is a horizontal form on EG of the type (k,l),then s*¢ is also
of the type (k,1).

PROOF. Since € is horizontal, it can be written as a sum of the expressions
of the form fpr*(, where f is a function, pr : EG — BG — projection, and ( is
a form on BG of the type (k,1). Then s* (fpr*¢) = (s*f)( is also of the type

(k,1).

Proposition 17 The homomorphism s* o1 agrees with the filtrations on the
Weil algebra and on the forms on BG.

PROOF. The curvature of the connection w is a horizontal form 2 on BG,
given by

Q=>"dt;0; + > t;db; + > t;t;6;,0,]. (6.12)

1<j

Hence © has only components of the type (1,1) and (0,2). The statement of
the lemma will then follow from the fact that s*€2 also has only components
of the type (1,1) and (0, 2). But this follows from the Lemma 16.

We can average the map s* with respect to the action of symmetric groups
on simplicial manifolds EG/K and BG to obtain a map s*. We can now
apply the integration map and define the map p from the Weil algebra to the
simplicial-de Rham complex of NG as pt = [, os*o1). Since the integration map
respects filtrations, the resulting map p also respects filtrations. We identify
the Hochschild complex of H(G) with the simplicial-de Rham complex of NG.
Results of [14], [17] imply that this is actually an isomorphism, i.e.

HH'(H(G).d), = H' (W (g, K),) (6.13)
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Notice that the resulting Hochschild cochains are actually cylcic (they are
graded antisymmetric). This implies that Connes’ long exact sequence is equiv-
alent to the collection of short exact sequnces

0 — HCX(H(G), d)y > HCH(H(G), d), >
L HHI(H(G),d), — 0, (6.14)

and the map [ splits. Hence

HC'(H(G), d)q =
@ HHT(H(G),d)y = @ H™*" (W(g, K),). (6.15)

m>0 m>0

Explicitly, maps H" 2™ (W (g, K),) — HC(H(G),d), are given by S™ o p,
where we consider p as a map into the cyclic complex.

We can now formulate a more explicit version of the Theorem 15.

Theorem 18 Let I" be a discrete pseudogroup acting on the manifold M of di-
mension q by orientation preserving diffeomorphisms. Let E be a I'-equivariant
trivial bundle of rank n on M. Then our previous constructions define a map

X D H " (W(ghs, On)g) — HP'™ (C5°(M) x T) (6.16)

meZ

7 Relation with other constructions

Suppose, as before, that we have an orientation-preserving action of a discrete
group I' on an oriented manifold M, and an equivariant trivial bundle E over
M. Then results from previous sections provide us a map H*(W(g,O,)) —
HP*(A), where A = C§°(M) x I'. We also have a construction of the map
H*(W(g,0,)) — H*(Mr) (see e.g. [14,1,2]), where Mr = M xr EI' is the
homotopy quotient when I' is a group, or more generally, Mt is the classifying
space BG of the groupoid constructed from the action of I' on M. In this
section we prove that these constructions are compatible, i.e. that the following
diagram is commutative

H*(W (g, On))\ﬂ *(lMF) (7.1)
HP*(A)

where ® is the canonical map given by Connes [4,5].
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The proof goes as follows. We construct a map ¥ from the complex computing
H*(Mr) to the cyclic complex B(Q*,d), where Q* = Qf(M) x I',; which has
the following properties. First, it agrees with the map ®, in the sense that the
following diagram is commutative:

H*(Mry) ® HP*(A) (7.2)
\HP* (TQ*, q)

where the map R is defined by (2.22). Then it is clear from the definitions
that the diagram similar to (7.1) is valid with the map ¥ already on the level
of cochains, not just cohomology.

The definition of the map W is the following. Recall that the cohomology of

My can be computed by the following bicomplex C**. C*! denotes the set of

totally antisymmetric functions 7 on I' x I'- -+ x I" with values in —[-currents
—_— ——

k41
on Dom gy N Dom ¢; - - - N Dom gy, which satisfy the invariance condition

-1

7(990, 991, - - - 99k) = 7(90, 91 - - -, Gk)? (7.3)

The two differentials of this complex are given by the group cohomology com-
plex differential given on C*! by

k+1 )
(d17—>(g(]7 gi,-- -5 Gk, gk—i—l) = (_1)l Z(_l)jT(g(b g1, - - 7.@]'7 s 7gk+1) (74>

J=0

and the de Rham differential d given by

(d27) (g0, 91+ - -5 gr) = d(7(go; 91, - - -+ Gr)) (7.5)

We now define the map ¥ from the complex C** to the cyclic complex
B(£2*,d), where Q* = Q§(M) x I', by the following formula.

V(1) (wolUyy,wnUgy s . .. swiUy, ) =
90--~9k71>

(_1)kl<7(1,90,9091, <590 - - -9k71),wowi]0 ce W ifgo...gn=1
0 otherwise
(7.6)
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Map W satisfies the following identities

bW (1) = U(dy7) (7.7)
d¥ (1) = Y(daoT) (7.8)
BY(r) =0 (7.9)

and hence it is indeed a map of complexes. It is clear from the definition of
the map ¥ that the diagram obtained from the diagram (7.1) by replacing ®
by ¥ commutes, even on the level of complexes. It remains to prove that the
map ¥ induces the same map in cohomology as the map ®.

Theorem 19 The maps ® and RoV from H*(Mr) to HP*(C§° xT") coincide.

PROOF. This statement follows easily from Theorem 4. Indeed, if {7} is a
cocycle in the dy, dy bicompolex. The algebra (C**,d’, d"”) that Connes defined
in construction of the map ® defines a cycle over the differential graded algebra

Q*(M) x T, with

/w ®0gy -0, = (e(1, 91, .., gk), w) (7.10)

It is clear that W(7) is the character of this cycle, and the result is now
immediate from Theorem 4.
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