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STABILITY FOR CLOSED SURFACES
IN' A BACKGROUND SPACE

RALPH L. COHEN aAnD IB MADSEN
(communicated by Gunnar Carlsson)

Abstract

In this paper we present a new proof of the homological sta-
bility of the moduli space of closed surfaces in a simply con-
nected background space K, which we denote by 8,(K). The
homology stability of surfaces in K with an arbitrary number of
boundary components, 8, ,(K), was studied by the authors in
a previous paper. The study there relied on stability results for
the homology of mapping class groups, I'y ,, with certain fami-
lies of twisted coefficients. It turns out that these mapping class
groups only have homological stability when n, the number of
boundary components, is positive, or in the closed case when
the coefficient modules are trivial. Because of this we present a
new proof of the rational homological stability for 8§,(K), that
is homotopy theoretic in nature. We also take the opportunity
to prove a new stability theorem for closed surfaces in K that
have marked points.

Introduction

In [4], the authors studied stability properties for moduli spaces of surfaces in a
simply connected background space K. These moduli spaces, denoted 8 ,, (K), consist
of surfaces S, of genus g with n parametrized boundary components, together with
a map f: Sy, — K which restricts to the boundary 95, in a prescribed way. As
observed in [4] the homotopy type of these moduli spaces do not depend on the choice
of this boundary condition, so we will assume f is constant on 095, ,,, mapping it to
a fixed basepoint zy € K. The main results of [4] were Theorems 0.1 and 0.3 which
together identify the “stable homology” Hy(84,,(X)) for 2¢ +4 < g.

This result was proved using spectral sequence and Postnikov tower arguments,
whose main input was a calculation of the stable homology of mapping class groups
with certain families of twisted coefficients (“coefficient systems of finite degree”),
H,(Tyn;Vyn). Here 'y, is the mapping class group of orientation-preserving diffeo-
morphisms of a fixed surface Fy , of genus g and n-boundary components that fix
the boundary pointwise, I'y ,, = mo(Diff (Fy n, 0Fy.n))-
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The goals of the present note are threefold. First, we wish to describe an error
in [4] in the group homology calculation for closed surfaces (n = 0). Theorem 0.4
of that paper claims that for coefficient systems of appropriately finite degree d,
H,(Ty.n,Vyn) is independent of g and n, so long as 2¢ + d + 2 < g — 1. This theorem
is true, and the proof in [4] is correct, so long as n > 0. However, for closed surfaces,
n = 0, this theorem is not true, unless the the coefficient system has degree 0 (i.e., is
constant), which in turn was proved by Harer [6], with this improved stability range
proved by Ivanov [7]. A counterexample to this theorem in the closed case is given
by a calculation of S. Morita [9], which was pointed out to us by J. Ebert.

The second goal of this paper is to give a new proof of the homological stability the-
orem for 8/(K) for closed surfaces. This proof is purely homotopy theoretic in nature
using homological stability for 8, ,, (/) for n > 0 and some basic, well-known relation-
ships between diffeomorphism groups of closed surfaces, of surfaces with boundary,
and those with marked points. We also make heavy use, as we did in [4], of the the-
orem of Madsen and Weiss [8] proving a generalization of a conjecture of Mumford
that can be viewed as establishing these stability results when X is a point.

These new methods allow us to prove the following new theorem, which deter-
mines the homotopy type, in a stable range, of the moduli space of closed surfaces
in a background space that have marked points. (This is Theorem 1.8 below.) This
theorem generalizes the results of Bédigheimer and Tillmann [2].

Theorem 0.1. Let SE(K) be the moduli space of closed surfaces in a background
space K having genus g and r-marked points. There is a map

a”: 87(K) — Q®(CP¥ A KL) x (CP®) x K

that induces an isomorphism in integral homology, Hy(—;Z), for 3¢ <29 —2 and
r > 0.

The third and last goal of the paper is to use the homotopy theoretic techniques
mentioned above to give a new proof of Morita’s calculation of H;(I'g, Hy(Fy)), which
demonstrates the lack of stability for these homology groups.

We remark that since the writing of [4], results there have been generalized in two
different ways. In his thesis [3], S. Boldsen significantly improved the stability range
of the homology of mapping class groups, both in the setting of twisted coeflicients
(when the surface has at least one boundary) and in the setting of closed surfaces
when the coefficients are trivial. As we will point out below, Boldsen’s improved sta-
bility range allows for a similar improvement of the stability range for H, (8, (X)),
n = 0. Secondly, in [10], O. Randal-Williams generalized our result for the homolog-
ical stability of 8, , (/) by proving a stability theorem for surfaces having a general
tangential structure. In particular his results show that

a: Sy(K) = Q°(CP2 AKy)

is a homology equivalence in degrees ¢ with 3¢ < g — 2.

We take the opportunity in this note to give a new, short proof of this theorem when
one assumes rational coefficients (or coefficients in any field of characteristic zero).
This proof is quite easy and shows the relevance of the Becker-Gottlieb transfer map.
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This paper is organized as follows. In Section 1 we review the construction and
relationships between the moduli spaces 84 ,(K). We then prove the main new the-
orem of this paper, Theorem 1.7, which gives homological stability of closed surface
spaces with marked points. In Section 2 we describe a relationship with the Becker-
Gottlieb transfer map and give a short proof of the homological stability of 8,(K).
In Section 3 we give a new proof of Morita’s calculation [9].
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1. Spaces of surfaces, and stability of closed surfaces with
marked points

1.1. Spaces of surfaces and their relationships

For each n > 0, let ¢,, C R™ be the image of a fixed embedding e,,: ][, S* — R*.
Let K be a simply connected space with basepoint xy € K. We define moduli spaces
84.n,m(K) much like in [4]:

8g.mm(K) = {(Sg,nm:t, f): where t > 0, S, .5.m CR> x [0,] is a smooth,
oriented surface of genus g with n + m boundary components, so
that Sg.n.m N (R* x {0}) = ¢y, and Sg,.m N (R™ X {t}) = cm;
f1Sgnm — K is a continuous map with f(9S,.,.m) = xo € K}.

In this description, Sg nm C R> x [0,¢] is embedded “neatly” as in [8]. In partic-
ular, the boundary components, which we call 0inS¢.n,m = ¢n and GoutSg,n,m = Cm,
each have fixed collars. We refer the reader to [8] for details.

Now let Fy . mm be a fixed smooth, oriented surface of genus g with n 4 m parame-
trized boundary components; n of these boundary components are designated as
“incoming”, and the remaining m are designated as “outgoing”. Let Diff (F, ,, 1, 0)
denote the group of orientation-preserving diffeomorphisms that fix the boundary
pointwise. As described in [4, 5, 8], the spaces 84, . (K) are topologized so as to
give homeomorphisms

8g.m,m(K) =R x Emby(Fy n,m, R> x [0,1])
X DifE(Fy n.m:0) MaD((Fy,n,m, 0), (K, w0)). (1)

Here Embg(Fy n m, R x [0,1]) denotes the space of neat embeddings that extend
en: 11, 9" = R® x {0} on OinFynm, and e [[,, S* = R x {1} on QoutFy.n,m-
Since this embedding space is contractible with a free action of Diff(Fy ,, m,;0), this
gives a homotopy equivalence

ng,m(K) =~ EDlﬁ(Fq,n,ma 8) XDiff(Fg,n,m;D) Map((Etjﬂl,ma 8)7 (K7 xO)) (2)
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For n = m = 0, we ease notation by deleting the subscripts. So
8g(K) = R x Emb(Fy, R*) Xpig(r,) Map(Fy, K). (3)

Finally we define the space 8; (K) to be the space of closed surfaces in the back-
ground space K that have a marked point. In other words,

Sé(K) = {(Sq,t,z, f): where t > 0,5, C R x (0,t) is a smooth, oriented

surface of genus g,z € Sy, and f: Sy, — Kis a continuous map}  (4)
= R x Bmb(Fy, R*®) xpig(r,) (Fy x Map(Fy, K)).

We now consider the relationships between the spaces, 84,1, S;, and 8,. First

consider the map p: 8;(K) — 84(K) given by forgetting the marked point. This is
the “universal curve”. Then by (3) and (4) we have the following:

Proposition 1.1. The map p: 8;(K) — 84(K) is a fiber bundle with fiber equal to
the surface Fy.

Consider the fiberwise or vertical tangent bundle Tv‘Sé(K ). This is an oriented,
two-dimensional vector bundle classified by a map 7,: 8! (K) — CP*>. Concretely,
this can be defined as follows (following [5] and [8]):

Tu: S;(K) — CP*, (Sqg,t,x, f) = TpSy C R™. (5)

Here we are thinking of CP*° as the Grassmannian of oriented two-dimensional sub-
spaces of R>. Now consider the evaluation map

e:Sé(K)—>K, (Sg.t,z, ) = f(x). (6)

Proposition 1.2. There is a homotopy fibration sequence

8g.0,1(K) 4 8L(K) 5% CP™ x K.

Proof. Consider a fixed, neat embedding of the closed disk e: D? € R>® x (—1/2,0],
whose boundary is the fixed embedding of the unit circle e;: St < R* x {0}. Now
let (Sg0.1,t f) € 84,0,1(K). Let Sy =Sy 0,1 Ust D?. This is the closed surface one
obtains by capping off the boundary 05 ,,1. One can also extend the map

f: (Sg,o’l,aS%OJ) — (K, xo)

to S, by defining it to be constant (at the basepoint z¢) on D?. This construction
defines a map

EDiff(Fy0,1,0) Xpis(F,.0.1,0) Map((Fy,0,1,9), (K, 70))
i> EDlH(Fg7 y) XDiH(ngy) Map((Fg, y)v (K7 $0)),

where y € F, is a marked point and Diff (F};,y) is the group of orientation-preserving
diffeomorphisms that fix y € F,;. We shall need the well-known homotopy fibration
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sequence (see Lemma 1.3 below):
BDiff(F, 01,0) — BDiff(F,,y) = CP>, (7)
where, if our model for the classifying space B Diff (Fy;,y) is given by
Emb(Fy,R*)/Diff (Fy,y) = {(Sg,2) : Sy C R, z € 54},

then 7,(Sg, 2) = 1.5, C R*. Furthermore, since there is an obvious relative homo-
topy equivalence

(Fy,0,1,0Fg01) = (Fy,y),
we then have an induced equivalence between the mapping spaces
Map((Fy,0,1,0), (K, x9)) = Map((Fy,y), (K, zo)),

which is equivariant with respect to the homomorphism Diff (F} 0.1, 9) — Diff (Fy, y).
Therefore there is an induced homotopy fibration sequence

EDiff(Fy0.1,0) Xpii(F, o.1,0) Map((Fyg,0,1,0), (K, 0))

% EDiff(Fy,y) Xpii(F,.y) Map((Fy, ), (K, x0)) = CP™.
Now the inclusion of the based maps into the unbased maps

Map((Fy, y), (K, 7))~ Map(F,, K)

is equivariant with respect to the action of Diff (F};, y). Furthermore, it is the inclusion
of the fiber of the equivariant fibration

Map(Fy,K) > K,  f— f(y),

where the action of Diff (Fy;,y) on K is trivial. Putting these fibrations together yields
a homotopy fibration Sequence

EDiff(Fy0,1,0) Xpisi(F,.0..0) Map((Fy,0,1,9), (K, 7o)
% EDiff(Fy, y) Xpin(r, 4 Map(Fy, K) =% CP® x K. (8)

Now notice that B Diff(Fy,y) ~ EDiff(F,) Xpig(r,) Fy- This is seen by observing
that by the isotopy extensmn theorem the natural action of Diff(F};) on Fj defines
a homeomorphism of the homogeneous space Diff(F,)/Diff (F,,y) with Fg. More
generally, if X is any space with a Diff (F,)-action, there is an equlvalence

E Diff (Fy) X Diff(F,) (Fy x X) ~ EDIiff(Fy,y) X Diff (Fy.y) X-
Thus fibration sequence (8) can be rewritten as a homotopy fibration sequence
EDiff(Fy,1,0) X Diff(Fy 0.1,0) Map((Fy,0,1,0), (K, x0))
4 EDiff(Fy) xpifr(r,) Map(Fy, K) x Fy 7% CP* x
Using (2) and (4), this sequence yields the homotopy fibration sequence
8g.01(K) = SL(K) ™5 CP™ x K. O

The homotopy fibration (7) that was used above is a special case of the following
well-known lemma:
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Lemma 1.3. Let M? be a closed, oriented smooth manifold of dimension d and let
y € M be a marked point. There is a homotopy fibration sequence

Diff (M, D.(y)) — Diff(M,y) % GL* (d,R),
where D.(y) is a small open disk and the map d denotes the differential at y.

Proof. We fix a chart (R? 0) — (M,y) around y, and let U.(y) be a small open
neighborhood of y corresponding to an open e-disk R? € R? around the origin. The
covering isotopy theorem shows that we have a Serre fibration

Diff (M, U.(y)) — Diff (M, y) = Emb((R%,0), (R?,0)).
It remains to show that this embedding space is homotopy equivalent to GL™(d, R).

This follows because an embedding f: (R%,0) < (R?, 0) is homotopic to a linear map
via the standard homotopy
w50
ft(u) — { t ? 9

df()(’u)7 t=0.

Since Diff (M, D.(y)) denotes the group of diffeomorphisms that fixes some open
neighborhood D, (y) pointwise, this completes the proof. O

1.2. Compatibility of the Pontrjagin-Thom maps

As described in [5], the spaces 8, m(K) form the spaces of morphisms in the
topological cobordism category Co(K) whose objects are nonnegative integers n > 0
and whose morphisms Morc, k)(n, m) are given by the disjoint union of the spaces

More, (i) (n,m) = H 8g.m,m(K),
920

except if n = m, in which case Morg, x)(n,m) = (]_[920 Sg,n,n(K)) [1id,.
One of the main theorems of [5] was the identification of the homotopy type of the

classifying space of the cobordism category BC2(K) (as well as other, more general,
but similarly defined cobordism categories).

Remark. In Section 5 of [5] a category Cq 9 was defined, given a Serre fibration : B —
BO(d). If d = 2 and 6 is the composition of the projection and the orientation cover,

BSO(2) x K — BSO(2) — BO(2),

we have BCy g ~ BCy(K). The difference between Cs g and Co(K) is that the objects of
the former are restricted to be a fixed union of circles in R, while in C3 ¢ the objects
are arbitrary closed, oriented one-dimensional manifolds. Using the covering isotopy
theorem, it follows easily that the corresponding nerves are homotopy equivalent.

The identification of the homotopy type of BC2(K) used the Pontrjagin-Thom
construction to define a functor to the path category of the zero space of a certain
Thom spectrum. More specifically, let Q5°~ (CP>, A K, ) denote the path component
of the basepoint in the zero space of the spectrum SCP> A K, . Let P(Q25°~H(CP>, A
K)) be its path category. Namely, given any connected space Y, the path category
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P(Y) is the topological category whose objects are the points of ¥ (topologized
as the space Y), and the morphisms between points y; and y, are the space of
paths Py, 4, (Y) = {(o,7) : a: [0,7] = Y is continuous, satisfying a(0) = y1,a(r) =
y2}. The following is standard:

Lemma 1.4. Given any connected space Y there is a weak homotopy equivalence
BP(Y)~Y.

We record the standard fact that in any connected space Y with basepoint yg there
is a homotopy equivalence of the path space with the loop space Py, ,,(Y) ~ QY. Such
homotopy equivalences are given by choices of fixed paths v; from yg to y; and v,
from yo to yg. The homotopy equivalence sends a path « from y; to yo to the glued
path v; o a o 5 which is a loop at the basepoint yy € Y.

In [5] the Pontrjagin-Thom construction was used to produce a functor
a: Co(K) — P HCP>® A KL)),

and the following theorem was proved:

Theorem 1.5 ([5]). The functor a: Co(K) — P(Q5°"HCP>, A K1) induces a weak
homotopy equivalence on the level of classifying spaces

a: BCy(K) — BP(QF HCP=, AK ) ~ QF HCP=, A KL ).

Now for each n >0 let v, € Q5 (CP>, A K ) be the image of the functor
on n € ObCy(K). The functor a is “pointed” in that vo € Q5 H(CP>® A K, ) is the
basepoint. Now consider the map defined on the level of morphisms

anm [ Sgmm(K) = Py, (QFTHCP, A KL)) ~ QF(CP A KL ).
g=0

We consider the homotopy compatibility of these maps as n and m vary. We focus
our attention on the two cases a1 and «ayg,. To compare them we consider a morphism
(D?,1,¢€) € 80,1,0(K) C More,(k)(1,0). Here D? is embedded in R* x [0,1] with its
boundary equal to ¢; C R*® x {0}. The embedding is fixed and has the property
that its intersection with R> x [4,1] is empty. (In other words its image lies in
R* x [0,4).) The map e: D? — K is constant at the basepoint 2 € K.

Notice that composing with the morphism (D?, 1, ¢) defines a map
5 Sq01(K) = 8,(F).

This amounts to “capping off the hole” in a surface with one boundary component
and extending a map from that surface to the resulting closed surface by letting it
be constant on the capping disk.

Now let § = ay,9(D?,1,€) be the image under the functor a of (D?1,e), viewed
as a morphism in More, k)(1,0). The following compatibility theorem is now simply
a result of the functoriality of «:
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Theorem 1.6. The following diagram commutes:
@Q,1

8970,1(K) E— P’YO:’YI(QSO_l(CPSOI /\K-i-))

HJV :lé
8y(K) o Proro (257 H(CPX A K1) — Q%(CPX A K,

where the right-hand vertical map is concatenation with the fived path §.

Comments.

(i) Notice that the map « in this theorem is homotopic to the projection map

EDiff(Fy1,0) Xpis(F, ,,0) Map((Fg,1,0F, 1), (K, o))

— EDIH(Fg) XDiH(Fg) Map(Fg, K)
defined by capping off the boundary of F; ; with a disk, and extending a map
fi (Fya1,0(Fy 1)) — (K, x0) to the closed surface F, = F,; U D?, by defining
it on D? to be constant at the basepoint xo € K. It therefore factors, up to
homotopy, as the composition,

8.0.1(K) = 85(K) & 8,(K),
where ¢ is as in Proposition 1.1, and p: 8} (K) — 8,(K) forgets the marked
point.

(ii) Similar compatibility results between the «, n,’s exist, in general, by capping
off various boundary circles. We leave the formulation of these to the reader.

1.3. Stability with marked points
We now have the ingredients necessary to prove the main theorem of this section,
which gives a stability theorem for the moduli space of closed surfaces in a background

space with marked points.
Consider the space 8} (K). Let @: 8;(K) — Q>(CP> A K ) be the composition

a: SLK) & 8,(K) 2 Q°(CP>®, A K Y). (9)

g

We then define the map a': 8} (K) — Q>(CP> A K1) x CP> x K to be the prod-
uct o' = a x 7, X e, with 7, and e as defined in (5) and (6).

Theorem 1.7. The map
at: 8)(K) = Q®(CP™ AKy) x CP™ x K
induces an isomorphism in integral homology, Hy(—;Z), for 3¢ < 29 — 2.

Proof. By Proposition 1.1 and Theorem 1.6, we have the following homotopy com-
mutative diagram of homotopy fibration sequences:

L Ty X €

Sg01(K)  —— Si(K) X, CP® x K

Q®(CP2 AK,) — QX(CP¥ AK,) x CP® x K — CP> x K.

Since the basespace of these fibrations, CP>* x K, is simply connected, and since
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@p,1 induces a homology isomorphism in this range, then a! induces a homology
isomorphism in this range. O

We remark that we can also consider moduli spaces of closed surfaces in a back-
ground space K with r-marked points, 87 (K). Completely analogous arguments to
the above prove the following theorem. We leave the details to the interested reader.

Theorem 1.8. There is a map
a8y (K) — Q> (CP= A K4 ) x (CP™)" x K

that induces an isomorphism in integral homology, Hy(—;Z), for 3¢ < 2g — 2.

2. Relation to the transfer

Consider the bundle Fy — 8} (K) 2, 8,(K) described in Proposition 1.1. The Beck-
er-Gottlieb transfer map [1] is a map of suspension spectra,

2 (8, (K) 1) = S=(SL(K)+).
Its induced map in integral cohomology, t*: H*(8}(K)) — H*(8,(K)) has the follow-
ing well-known properties:
Lemma 2.1. For f € H*(84(K)) and e € H*(8;(K)),
1. t*(p*(B)e) = B - t*(e)
2. t°(1) = x(Fy) € H%(84(K)).
Here x(Fy) =2 — 2g is the Euler characteristic.

We will need to relate the transfer map with the Pontrjagin-Thom map a described
above. To do this we first need to consider the spectrum map

w: CPX — X°(CPY).
This can be viewed as “collapsing” the —2-dimensional sphere in CP*, but more
precisely it is induced by a map of Thom spectra,
w: CP™ = (CP®)~F — (CP>) 1%L = n°°(CPY).

Here L — CP™ is the canonical oriented two-dimensional bundle, and —L is the
corresponding virtual bundle given by its opposite. The exponential notation X¢
denotes the Thom spectrum of a virtual bundle { over a space X. This map of
Thom spectra is induced by the inclusion of virtual bundles, —L < —L & L, where,
of course, —L & L is the trivial zero-dimensional virtual bundle.

Taking the smash product with the identity produces a similar map of spectra,

W(K): CP A K, = (CP® x K)~F = (CP> x K)ok
= X°((CP>® x K)4). (10)

Here we are thinking of L — CP*> x K as the pull-back of the bundle L — CP>
under the projection map CP* x K — CP*°.
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Consider the induced map on zero spaces
w(K): Q°(CP2, AN Ky ) = QON°((CP* x K)4),
as well as the cohomology suspension map
o*: H*(CP*® x K) — H*(Q®X>®((CP* x K)4)).
Lemma 2.2. Let p =7, x e: 8, (K) — CP> x K. Then if £ € H*(CP™ x K),
1p7(€) = a*w(K) 0" (€) € H*(S,(K)).
Here o = oo is the map from Theorem 1.6.

Before we prove Lemma 2.2, we show how Lemmas 2.1 and 2.2 together imply the
main theorem of this section:

Theorem 2.3.
o’ H*(Q5° (CP, A K4 ); Q) — HY(84(K); Q)

is an isomorphism for 3x < 2g — 3.
Proof. Tt follows from Lemma 2.1 that t* o p* : H*(8,(K)) — H*(84(K)) is multi-
plication by x(Fy) = 2 — 2¢. So with rational coefficients, this composition is an iso-
morphism so long as g # 1. (Notice the statement of the theorem is vacuous if g = 1,
so we lose no generality in assuming g # 1.) It follows that p* is injective, and t* is
surjective in rational cohomology.

In the stable range (dimensions less than or equal to % g — 1), Theorem 1.7 implies
that (a')*: H*(Q>(CP> A K;) x CP>® x K) — H*(8}(K)) is an isomorphism.
Now by the definition of a! given in (9) above, the following diagram commutes:

SLK) —2 5 Q®(CP® AK,) x CP™ x K

pl lproject

8y(K) — Q= (CP=, A K.

[e3

Thus p* o a* is injective in this stable range and hence so is a*. It remains to show
that a* is surjective in this range.

Let n € H*(Q°(CP=, A K4);Q) and € € H*(CP*> x K;Q) be classes so that the
sum of their dimensions is in the stable range. Then, by definition, (a!)*(n® £) =
p*a*(n) - p*(€), and by Lemma 2.1,

t*(a') (@ &) = t"p a*(n) - t*p"(€) = (2 - 29)a" (n) - *p" (€).
Lemma 2.2 shows that t*p*(¢) and therefore t*(al)*(n ® £) belong to the image of
a*. Since t* is surjective and (a!)* is an isomorphism in this range, we conclude that

*

o™ is surjective in this range. O

It remains to prove Lemma 2.2. Consider again the fiber bundle F; — 8;([( )5

84(K). The transfer map t: X°°(8,(K) ) — X°(8}(K),) is defined to be the com-
position

t: X20(8(K) ) 5 S(K) ™™ — SL(K) O™ = 5(81(K)),
where £: X°°(8,(K)) — 8;(K)~™ is the Pontrjagin-Thom map or “pretransfer”.
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The bundle 7, over 8} (K) is the vertical tangent bundle classified by 7,: 8;(K) —
CP>°. The map p =7, X e: S; (K) — CP* x K induces a map of Thom spectra,

T(p): 83(K)™™ — (CP® x K)~™% =CP> A K.
As in [5, 8], the map of spectra &: X°(8,(K)4) — CP> A K is defined to be the
composition
& 308y (K)y) 5 8L (K) ™™ L8 (CP™ x K)™™ = CP™, A K.

and a: 84(K) — Q°(CP>, A Ky) is the adjoint of this map. Using the definition of
w(K) given in (10), we then have the following homotopy commutative diagram of
spectra:

D°(8y(K)y) ——  SL(K)™™ S, (CPT x K)t —= 5 CP®AK,

| | l Jos

N2(8y(K)y) —— SLK) E L (CPx K) 8L = $%°((CP™ x K)4).
Since the top horizontal composition is &: 3>°(8,(K) 1) — CP>; A K, we have that
W(K)oa~pot: XF(84(K)y) = X ((CP* x K)4).

So in cohomology, t* o p* = &* o w(K)*. Combining this with the general relationship
& ow(K) =a*ow(K) oo™

between maps of suspension spectra and their adjoints, completes the proof of the
lemma.

3. A counterexample to stability for mapping class groups for
closed surfaces

The theorem below, due to S. Morita [9], is a counterexample to Theorem 0.4 of [4]
which postulates that H,(I'y,V,) is independent of the genus g when the I'j-module
Vy = V(F,) is a coefficient satisfying certain degree conditions. We stress, however,
that Theorem 0.4 remains true for surfaces with at least one boundary component:
H.(Tyn,V(F,,)) does have a stable range for n > 0. Here, as usual, I'y, is the
mapping class group of orientation-preserving diffeomorphisms of an oriented surface
F, of genus g with n boundary components. The modules V' (Fy, ) = H1(Fy ) define a
coeflicient system satisfying the stated degree requirements, but as Morita’s theorem
below clearly implies, H,(I'y, Hi(F,)) does not satisfy any stability property. This
example was pointed out to the authors by Johannes Ebert.

Theorem 3.1 (Morita [9]).
Hi(Lg; Hi(Fy)) = Z/2(g - 1).
We give a proof of this theorem that is somewhat different in spirit from Morita’s

proof in [9]. In fact the proof we present below is similar in spirit to the proof of our
main Theorem 2.3 above.
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Let T’} = mo(Diff (Fy, z0)) and Ty = mo(Diff (Fy, D?) be mapping class groups
where D? C Fy is a fixed, small disk with z¢ € D?. In Diff(F};, D?) the diffeomor-
phisms fix a neighborhood of D? pointwise, and in Diff(F,, zo) the diffeomorphisms
are only required to fix the point xy. Consider the diagram

D

BTy, BI}

| /|

BFQ ﬁ BFg

BGL*(2,R)

The upper horizontal sequence is the homotopy fibration from Lemma 1.3. The map
caps off the boundary, and p forgets the marked point. The improved Harer stability
theorem [6], proved by Boldsen in [3], asserts that

ky: H (BTy1) — H.(BTy)

is an isomorphism in the range 3% < 2¢g — 2 and surjective for 3% < 2g. Since x factors
as the composition x: BTy, — BT, 2, BTy, in this stable range p.: H.(BT}) —
H.(BT,) has a right inverse S: H.(Bl'y) — H.(BT}) satisfying p. o S = id. In this
range we also have the computation

Hy(BL}) = Hy(BTy 1) ® Hy(BGLT(2,R)) 2 Z® Z.
The Serre spectral sequence for the fibration Fy, — BT} 2, BT, has
E? = Hy(Dy; Hy(Fy)).

The existence of the section S: H,.(BT'y) — H.(BT}) implies that in the stable range

there are no nontrivial differential emanating from the baseline, Ef,0~ Now we know
that

Eg,l = HO(FgéHl(Fg)) =0
B}y = Hi(Tg; Hi(Fy))
Eg,z = HO(FQ? H2(Fg)) = H2(Fg) = Z.
So the only possible differential in total degrees less than or equal to 2 is
d*: B3, — Eg .
This leads to the exact diagram

0 ——  Ejg/im(d®) ———  Ha(y)/im(S)  ——— Hi(Tg; Hi(Fy)) = 0

] ng
H,(Fy) — & Hy(BGL*(2,R)) =7
Je
Hy(Ty; Hi(Fy)).

The groups Hy(Fy) and Ho(BGL™(2,R)) are each isomorphic to Z, and 7: F, —
BGL*(2,R)) classifies its tangent bundle and hence induces multiplication by the

Q=
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Euler characteristic 2 — 2g in Ho. We claim that this implies that the differential d?
= 0. This is because, since 7, is injective and D is an isomorphism, the commutativity
of the above diagram implies Hy(F,) — Ej ,/im(d?) is injective, which by exactness
implies d is zero. Since, as remarked above, Hy(Fy) — E§, is an isomorphism, the
commutativity and exactness of this diagram imply

Hy(Tg; Hi(Fy)) = cok(ri) = Z/(29 — 2).
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