Applications of the Farrell-Jones Conjecture

(Lecture V)

Wolfgang Lick
Bonn
Germany
email wolfgang.lueck@him.uni-bonn.de
http://131.220.77.52/lueck/

Oberwolfach, October 2017

Wolfgang Liick (Bonn) Applications of the Farrell-Jones Conjecture Oberwolfach, October 2017



@ Review of the Farrell-Jones Conjecture and of some applications.
@ The Novikov Conjecture

@ The Borel Conjecture

@ The Moody’s Conjecture

@ The The Bass Conjecture

@ Hyperbolic groups with spheres as boundary

@ Computational aspects.
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Review

Conjecture (The Farrell-dJones-Conjecture)
The Farrell-Jones Conjecture with coefficients in R for the group G
predicts that the assembly maps, which are induced by the projection
Eveye(G) — pt,
Hy (Eveyc(G),Kr) — HF(pt,Kg) = Kn(RG);
HE(Eveye(G), L ™) — HE(pt L) = L (RG),

are bijective for all n € 7Z.

@ A more general version, the Full Farrell-Jones Conjecture, holds
for large class of groups and has good inheritance properties.

@ The Farrell-dJones Conjecture implies the following version for
torsionfree groups
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Conjecture (K-theoretic Farrell-Jones Conjecture for torsionfree

groups and regular rings)

The K -theoretic Farrell-Jones Conjecture with coefficients in the
regular ring R for the torsionfree group G predicts that the assembly
map

Hn(BG; Kg) — Kn(RG)

is bijective for every n € Z.

Conjecture (L-theoretic Farrell-dones Conjecture for torsionfree

groups)
The L-theoretic Farrell-Jones Conjecture with coefficients in the ring
with involution R for the torsionfree group G predicts that the assembly
map

Hn(BG; L5 ™) — L™ (RG)

is bijective for every n € Z.

v
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Theorem (Some applications of the K-theoretic Farrell-dones
Conjecture)

The K-theoretic Farrell-Jones Conjecture implies:

@ Kn(ZG) =0 forn< —1;
® Ky(ZG) =0;

@ Wh(G) =0;

°

Every finitely dominated CW-complex X with G = m1(X) is

homotopy equivalent to a finite CW-complex;

@ Every compact h-cobordism W of dimension > 6 with (W) = G
is trivial;

° Conjecture: The group G is of type FF if and only if it is of

type FP;

° Idempotent Conjecture: Let R be an integral domain
and let G be a torsionfree group. Then all idempotents of RG are
trivial, i.e., equal to 0 or 1.
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The Novikov Conjecture

Definition (L-class)
The L-class of a closed manifold M is a certain rational polynomial in
the rational Pontryagin classes

L(M) = L(p1 (M), p2(M),....) € D HY(M; Q).

i>0

lts i-th component is denoted by £;(M) € H*(M; Q).

LMy = o p(M)
oMy = - (7-pe(M) — py(MY)
Lo(M) = e (62 po(M) — 13- pi (M) U po(M) + 2 py(M)?)
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Theorem (Signature Theorem, Hirzebruch)

If M is a 4k-dimensional closed oriented manifold M, then we get for its
signature
sign(M) = (Cx(M), [M]).

Exercise (Homotopy invariance of L,(M) for 4k)

Show that L (M) for n = 4k is a homotopy invariant of closed
orientable 4k-dimensional manifolds.

@ One can show that a polynomial in the Pontryagin classes gives a
homotopy invariant if and only if it is a multiple of the k-th L-class.
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Conjecture (Novikov Conjecture)
The Novikov Conjecture for G predicts for a closed oriented manifold
M together with a map f: M — BG that for any x € H*(BG) the higher

signature

sign, (M, f) .= (L(M) U f*x, [M])
is an oriented homotopy invariant of (M, f), i.e., for every orientation
preserving homotopy equivalence of closed oriented manifolds
g: My — My and homotopy equivalence f;: M; — BG withfi o g ~ f,
we have

Sian(Mo, fO) = Sian(M1 ) f1 )
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Exercise (Novikov Conjecture for closed aspherical manifolds)

The Novikov Conjecture predicts for a homotopy equivalence
f: M — N of closed aspherical manifolds

@ This is surprising since this is not true in general and in many
cases one can detect that two specific closed homotopy
equivalent manifolds cannot be diffeomorphic by the failure of this
equality to be true.

@ A deep theorem of predicts that f*(L(N)) = £(M) holds
for a homeomorphism of closed manifolds.

@ Hence an explanation, why the Novikov Conjecture may be true
for closed aspherical manifolds, comes from the next conjecture.
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The Borel Conjecture

Conjecture (Borel Conjecture)

The Borel Conjecture for G predicts that for two closed aspherical
manifolds M and N with w1(M) = =1(N) = G any homotopy
equivalence M — N is homotopic to a homeomorphism.

In particular M and N are homeomorphic.

@ This is the topological version of Mostow rigidity. One version of
Mostow rigidity says that any homotopy equivalence between
hyperbolic closed Riemannian manifolds of dimension > 3 is
homotopic to an isometric diffeomorphism. In particular they are
isometrically diffeomorphic if and only if their fundamental groups
are isomorphic.
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@ The Borel Conjecture is in general false in the smooth category. A
counterexample is T" for n > 5.

@ In some sense the Borel Conjecture is opposed to the Poincaré
Conjecture. Namely, in the Borel Conjecture the fundamental
group can be complicated but there are no higher homotopy
groups, whereas in the Poincaré Conjecture there is no
fundamental group but complicated higher homotopy groups.

@ The Borel Conjecture in dimension 1 and 2 is obviously true.

@ Thurston’s Geometrization Conjecture implies the Borel
Conjecture in dimension 3.

Exercise (The Borel Conjecture for T?)

Prove the Borel Conjecture for the 2-torus T?.
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Theorem (The Farrell-Jones Conjecture implies the Borel

Conjecture)

If the K-theoretic and the L-theoretic Farrell-Jones Conjecture hold for
the group G, then the Borel Conjecture holds for any n-dimensional
aspherical closed manifold with =1(M) = G, provided that n > 5.

@ Next we sketch the proof. Therefore we recall:

Conjecture (L-theoretic Farrell-Jones Conjecture for torsionfree

groups)
The L-theoretic Farrell-Jones Conjecture with coefficients in the ring
with involution R for the torsionfree group G predicts that the assembly
map

Hn(BG; LS ™)) = L™ (RG)

is bijective for all n € Z.
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Definition (Structure set)
The (topological) structure set S'°°(M) of a manifold M consists of

equivalence classes of homotopy equivalences N — M with a manifold

N as source.

Two such homotopy equivalences fo: Ngp — M and f;: Ny — M are
equivalent if there exists a homeomorphism g: Ny — N; with

f1 og >~ fo.

Theorem (Topological rigidity and the structure set)

The Borel Conjecture holds for a closed manifold M if and only if
S'P(M) consists of one element.
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Theorem (Algebraic surgery sequence, Ranicki)

There is an exact sequence of abelian groups called algebraic surgery
exact sequence for an n-dimensional closed manifold M

on A, on
L Hop (M L) S L4 (Zaeg (M) 5
SOP(M) 2% Ho(M;L(1)) 22 Lo(Zmy(M)) 2 ...

It can be identified with the classical geometric surgery exact
sequence due to in high dimensions.

@ Here L(1) is the 1-connective cover of the L-theory spectrum L.
It comes with a natural map of spectrai: L(1) — Lz which induces
on 77 an isomorphism for i > 1, and we have 7?(L(1)) = 0 for
i<O0.

Wolfgang Lick (Bonn) Applications of the Farrell-Jones Conjecture Oberwolfach, October 2017 14/ 42



@ There are natural identifications
N(M) = [M, G/O] = Hp(M; L(1)).
@ We can write A, as the composite

An: N(M) = Hnp(M; L(1))
FnOuD 1 (M Ly) = Ha(BG; Ly) = HS(EG) — La(ZG),

where the second map is assembly map for the family 7R.

@ The map A, can be identified with the map given by the surgery
obstruction in the geometric surgery exact sequence.

@ This gives an interesting interpretation of the homotopy theoretic
assembly map in geometric terms. Its proof is non-trivial.

@ The analog statement about A, holds in all degrees m > n.
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@ S'P(M) consists of one element if and only if A, ¢ is surjective
and A, is injective.

@ An easy spectral sequence argument shows that
Hm(idps; 1) Ha(M; L(1)) — Hn(M; Lz)
is bijective for m > n+ 1 and injective for m = n.

@ This finishes the proof since the Farrell-dones Conjecture implies
for m = n, n+ 1 the bijectivity of

Hn(M; L) = Hn(BG; Lz) = HS(EG) — Lin(ZG).

@ The K-theoretic Farrell-Jones Conjecture is needed in the proof
above since it implies that Wh(G), Ky(ZG) and K,,(ZG) forn < —1
vanish and hence the decorations in the L-groups do not matter.
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Theorem (The Farrell-Jones Conjecture implies the Novikov

Conjecture)
Consider the following statements for a group G.

@ The L-theoretic assembly map for the family VCYC
HS (Eveye(G),Lg ™) = HY(pt, L ™) = Ly ™ (RG)
is rationally injective.
@ The L-theoretic assembly map for the family TR
HE(Err(G), L5 ) = Ha(BG; LS ™)) — LS (RG)
is rationally injective;
© For every n > 5 the Novikov Conjecture holds for G.

Then: (1) = (2) = ().
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@ The class of groups for which the Novikov Conjecture holds is
larger than the class for which the L-theoretic Farrell-dones
Conjecture is known. For instance it contains all linear groups.

Exercise (Homotopy groups of G/TOP)
Show that 7,(G/TOP) vanishes for odd n > 5.
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Moody’s Induction Conjecture

Conjecture (Moody’s Induction Conjecture)

@ Let R be a regular ring with Q@ C R. Then the map given by
induction from finite subgroups of G

colim Ky(RH) — Ky(RG
S o(RH) 0(RG)

is bijective;

@ Let F be a field of characteristic p for a prime number p. Then the
map
collr? )Ko(FH)[1/p] — Ko(FG)[1/p]

Orzzn (G

is bijective.
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Theorem (Bredon homology)
Consider any covariant functor

M: OrG — A-Modules.

Then there is up to natural equivalence of G-homology theories
precisely one G-homology theory HS(—, M), called Bredon homology,
with the property that the covariant functor

HE: OrG — A-Modules, G/H — HE(G/H)

is trivial for n # 0 and naturally equivalent to M for n = 0.
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@ Bredon homology plays the role of cellular of singular homology in
the equivariant setting.

@ Let 7% be a G-homology theory. Then there is an equivariant
version of the Atiyah-Hirzebruch spectral sequence converging to
HG, 4(X). Its E2-term
EZ, = HS(X:1HE(?))
is given by the Bredon homology associated to the covariant

functor
OrG — A-Modules, G/H — HZ(G/H).

@ Let M be the constant functor with value the A-module A. Then we
get for every G-CW-complex X

HE(X; M) 2\ Hy(X/G: A).

@ We have Ho(E]:(G), M) = coIimOrf(G) M.
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Theorem (Farrell-dones implies Moody)

The K-theoretic Farrell-Jones Conjecture implies Moody'’s Induction
Conjecture.

| 5\

Proof.
@ The Transitivity Principle implies that the canonical maps

HE(Erzn(G)iKg) — HE(Eveye(G);Kp);
HE(Erzn(G) KR /Pl — HE(Eveye(G): Ke)[1/pl,

are bijective.
@ Hence the Farrell-dJones Conjecture implies

HE(Erzn(G):KR) — Ko(RG);
HE (Erzn(G): Ke)[1/pl = Ko(FG)[1/p].

[l
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Proof continued

@ Since Ky(RH) and K,(FH)]1/p] vanish for n < —1, the equivariant
Atiyah-Hirzebruch spectral sequence implies

HE (Erzn(G):KR) —  HE(Erzn(G); Ko(R?));
HE(Erzn(G)iKe)1/p] — HE (EJ-'I (G); Ko(F?))[1/pl,
for the covariant functors from OrG to Z-Modules and

Z[1/p]-Modules respectively sending G/H to Ky(RH) and
Ko(FH)[1/p] respectively.

@ Now the claim follows from the identifications

HE(Erza(G);K(R?) =  colim Ky(R?);
OT]:IN(G)

HE (Erzn(G): K(FO)1 /Pl = colim  Ko(F7)[1/p]
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The Bass Conjecture

@ Let con(G) be the set of conjugacy classes (g) of elements g € G.

@ Let R be a commutative ring. Let class(G, R) be the free
R-module with the set con(G) as basis. This is the same as the
R-module of R-valued class functions f: G — R for which
{(g) € con(G) | f(g) # 0} is finite.

@ Define the universal R-trace

trhg: RG — class(G,R), > rg-gr > rg-(
geG geqG

It extends to a function tr;: Mp(RG) — class(G, R) on
(n, n)-matrices over RG by taking the sum of the traces of the
diagonal entries.
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@ Let P be afinitely generated projective RG-module. Choose a
matrix A € M,(RG) such that A2 = A and the image of the
RG-map ry: RG" — RG" given by right multiplication with A is
RG-isomorphic to P. Define the Hattori-Stallings rank of P to be

HSRga(P) = trig(A) € class(G, R).

@ The Hattori-Stallings rank depends only on the isomorphism class
of the RG-module P.
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@ The Hattori-Stallings rank extends the notion of a character of a
representation of a finite group to infinite groups.

Theorem (Hattori-Stallings rank and characters)

Let G be a finite group and F be a field of characteristic zero. Let V be
a finitely generated FG-module which is the same as a
finite-dimensional G-representation over F. Let xy be its character. If
Cg(g) denotes the centralizer of the element g € G, then show

xv(g") =1Ca(9)l - HSFa(P)(9)-
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@ The Hattori-Stallings rank induces an R-homomorphism, the
Hattori-Stallings homomorphism,

HSgg: Ko(RG) ®z R — class(G,R), [P]®r — r-HSgg(P).

Exercise (Bijectivity of the Hattori-Stallings rank)

Show that for a group satisfying Moody’ Induction Conjecture, the map
induced by the Hattori-Stallings rank

HScq: Ko(CG) ®z C — class(G, C)

is injective and has as image the class functions which vanish on
elements of infinite order.
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Conjecture (Bass Conjecture)

Let R be a commutative integral domain and let G be a group. Let
g # 1 be an element in G. Suppose that either the order |g| is infinite
or that the order |g| is finite and not invertible in R.

Then the Bass Conjecture predicts that for every finitely generated
projective RG-module P the value of its Hattori-Stallings rank HS gg(P)
at(g) is trivial.

v
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Exercise (The character of a rationalized finitely generated

7Z.G-module)

Let G be a finite group and M be a finitely generated projective
7Z.G-module. Suppose that G satisfies the Bass Conjecture.

Show that Q @7 M is a finitely generated free QG-module.

@ Actually, the conclusion appearing in the exercise above is a
theorem of which is older than and was one motivation for
the Bass Conjecture.

Theorem (Farrell-dones implies Bass)
The K-theoretic Farrell-Jones Conjecture implies the Bass Conjecture
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Proof.
@ We give only the proof in the case R = Z using the fact that the
K-theoretic Farrell-dones Conjecture implies Moody’s Induction
Conjecture.

@ The claim follows from Moody’s Induction Conjecture applied to Q
if g has infinite order, since the Hattori-Stallings rank is compatible
with induction.

@ In the case, where g is finite and not invertible in R, Moody’s
Induction Conjecture applied to Q reduces the claim to the special
case, where G is finite, which follows from Theorem.

Ol
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Word hyperbolic groups with spheres as boundary

Conjecture (Gromov)

Let G be a torsionfree hyperbolic group whose boundary is a sphere
S"=1. Then there is a closed aspherical manifold M with 1(M) = G.

Theorem (Bartels-Liick-Weinberger)

For n > 6 the Conjecture is true, and the manifold M is unique up to
homeomorphism.

Conjecture (Cannon’s Conjecture)

A hyperbolic group G has S? as boundary if and only if it acts properly,
cocompactly and isometrically on HS.
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Theorem (Ferry-Lick-Weinberger (in preparation))

Let G be a torsionfree hyperbolic group with S? as boundary and | > 3
be natural number.

@ Then there is a closed aspherical (k + I)-dimensional manifold M
with an isomorphism uy: w1 (M) = G x Z!.

@ If M’ is another closed aspherical manifold M’ with an
isomorphism uy : 1 (M') = G x Z!, then there is a
homeomorphism f: M — M’ with 71 (f) = uj, o uy.

@ The Cannon Conjecture is now equivalent to the statement that
there exists a closed 3-manifold N such that M is homeomorphic
to N x T'.
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Equivariant Chern characters

Theorem ( )

Let H. be a generalized homology theory with values in A-modules for
QCA

Then there exists for every n € Z and every CW-complex X a natural
isomorphism

D Ho(X: A) @ Hq(pt) = Ha(X).
p+q=n

@ This means that the Atiyah-Hirzebruch spectral sequence
collapses in the strongest sense.

@ The assumption Q C A is necessary.
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Dolds’ Chern character for a CW-complex X is given by the following
composite

L P Ho(XiHg(x) < @D Ho(X:Z) @7 Hg()

p+q=n pt+q=n
D, ophureid =
ptq @ 775()@,*) ®z Hq(*)
p+q=n
@erq n PQ
———— Ha(X).
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@ We want to extend this to the equivariant setting.

@ This requires an extra structure on the coefficients of an
equivariant homology theory H..

@ We define a covariant functor called induction
ind: FGINJ — A-Mod

from the category FGIN] of finite groups with injective group
homomorphisms as morphisms to the category of A-modules as
follows.

It sends G to H%(pt) and an injection of finite groups a: H — G to
the morphism given by the induction structure

M (pr)

18 (pt) 2 38 (ind, pt) =% HE(pt).
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Definition (Mackey extension)

We say that . has a Mackey extension if for every n € Z there is a
contravariant functor called restriction

res: FGINJ — A-Mod

such that these two functors ind and res agree on objects and satisfy
the double coset formula, i.e., we have for two subgroups H, K c G of
the finite group G

resfoindf = > indc(g):ngqu_moresﬂ”g_wg,
KgHeK\G/H

where ¢(g) is conjugation with g, i.e., ¢(g)(h) = ghg™".
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@ In every case we will consider such a Mackey extension does exist
and is given by an actual restriction.

@ For instance for KOG(?) = Rc induction functor is just the classical

induction of representations. The restriction functor is given by the
classical restriction of representations.

@ Analogous statements hold for K,(R?) and L > (R?).
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Theorem (Lick)

Let 1. be a proper equivariant homology theory with values in
A-modules for Q C A. Suppose that H. has a Mackey extension. Let |
be the set of conjugacy classes (H) of finite subgroups H of G.

Then there is for every group G, every proper G-CW-complex X and
every n € 7 a natural isomorphism called equivariant Chern character

oni: @ €D Ho(CaH\X™: N) @nwer S (HE(+)) = HE(X)
p+q=n (H)el

@ CgH is the centralizer and NgH the normalizer of H C G;
@ WgH = NgH/H - CgH (This is always a finite group);

® Sy (HE(x)) == cok (@KcH indy : @rcnHE(x) — 7—[5’(*)) :
K#H K#H
@ ch’ is an equivalence of equivariant homology theories.
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Theorem (Lick)

Let G be a group. Let T be the set of conjugacy classes (g) of
elements g € G of finite order. There is a commutative diagram

Dy g=n DB(g)eT Hp(BCa(9); C) @z Kg(C) ——— Kn(CG) @7 C

| J

Dpg=n B(g)e Ho(BCa(9): C) @z KgP(C) — K P(C}(G)) ®2 C

v

@ The vertical arrows come from the obvious change of rings and of
K-theory maps.

@ The horizontal arrows can be identified with the assembly maps
occurring in the Farrell-dJones Conjecture and the Baum-Connes
Conjecture by the equivariant Chern character.

Exercise (Infinite dihedral group D..)
Compute K,(CDy) ®7 C forn < 1.
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Hyperbolic groups

Theorem (Hyperbolic groups)

@ Let G be a hyperbolic group. Let M be a complete system of
representatives of the conjugacy classes of maximal infinite virtual
cyclic subgroups of G.

@ For n € 7Z there is an isomorphism

HE(EG:Kg) ® @D HY(EV — ptKg) = Kn(RG):
VeM

@ For n € 7Z there is an isomorphism

Hi(EGLE ™) @ @ HY(EV —» ptLE™) 5 Ly ™)(RG).
VeMm
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Theorem (Torsionfree hyperbolic groups)

If G is a torsionfree hyperbolic group, then we get isomorphisms

Hn(BG: Kg) @ D  (NKn(R)&NKn(R)) | = Kn(RG),

(C),CCG,C#1
C maximal cyclic

and

Exercise (Fundamental groups of hyperbolic closed 3-manifolds)

Let G be the fundamental group of a hyperbolic closed 3-manifold.
Compute LS(ZG) for all decorations e in terms of Hy(M; Z).
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The end of these lecture series

Thank you for your attention!
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