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THE EQUIVARIANT SLICE FILTRATION: A PRIMER
MICHAEL A. HILL
(communicated by Daniel Dugger)

Abstract

We present an introduction to the equivariant slice filtra-
tion. After reviewing the definitions and basic properties, we
determine the slice-connectivity of various families of naturally
arising spectra. This leads to an analysis of pullbacks of slices
defined on quotient groups, producing new collections of slices.
Building on this, we determine the slice tower for the Eilenberg-
Mac Lane spectrum associated to a Mackey functor for a cyclic
p-group. We then relate the Postnikov tower to the slice tower
for various spectra. Finally, we pose a few conjectures about the
nature of slices and pullbacks.

1. Introduction

1.1. Background

Essential to the solution with Hopkins and Ravenel to the Kervaire Invariant One
Problem is the construction of a new natural filtration of an equivariant spectrum, the
slice filtration [H]. This is a generalization of Dugger’s slice filtration for Cy-equivariant
homotopy theory, and it is analogous to the motivic slice filtration of Voevodsky [B],
[3], [B]. The basic idea is simple: mirror the Postnikov tower construction using a
different collection of representation spheres (giving a different notion of “connected”
and “co-connected”). The slice and Postnikov towers are obviously closely related,
but the exact relationship is unclear.

This filtration is especially nice on the spectra MU used in the proof and on the
relevant localizations thereof. For these, the homotopy groups of the layers compute
the homology and cohomology of regular representation spheres. This allowed us to
determine the vanishing of m_s of the relevant localizations. In some sense, we were
very lucky; the slice filtration is very mysterious for many spectra other than these
localizations of MU,

The goal of this paper is two-fold:

1. Serve as a travelogue for the slice filtration and slice spectral sequence, recording
basic properties and interpretations, and
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2. Provide a bestiary of slices and the slice tower for a general Mackey functor for
cyclic p-groups.

We begin in §B by recalling the basic facts about the slice filtration, drawing heavily
from [H]. Starting in §B, we set a course for uncharted territory. In §8, we will address
when there are natural connections between the dimension of a CW complex or of
a representation sphere and its slice-connectivity. We will relate slices to pullbacks
along surjective maps of groups in §l. In §A, we take an algebraic digression, using
this to directly compute the slice tower of the Eilenberg-Mac Lane spectrum for the
Burnside Mackey functor A and for a general Mackey functor M for a cyclic group of
prime-power order. Finally in §B, we build on the computations for H A, introducing
an algebraic criterion on the homotopy groups of a G-spectrum X which allows for
complete determination of slices of X. This provides a class of spectra for which the
connection between the slice and Postnikov towers is completely understood. We use
this to provide an interpretation of the slice tower for a general spectrum.

All of our discussion will take place in the genuine equivariant stable homotopy
category for a finite group G. In particular, we have natural transfers associated to
all subgroups. Good references are the work of May, et al. [@], [[M], [M], unpublished
notes of Schwede [IA], and the appendix to Hill-Hopkins-Ravenel [H]. We use freely
and liberally the language of Mackey functors. In particular, all homotopy groups are
Mackey functor valued, and we will follow standard notation, writing these with an
underline. We found papers and notes of Lewis especially helpful [@], [8].

1.2. Notation

Throughout all that follows G will be a finite group. When it appears, N will
always denote a normal subgroup, while H and K will be used for subgroups that
are not necessarily normal.

The real regular representation of G will be denoted p¢g, and if there is no ambigu-
ity, we shall drop the subscript. If X is a finite G set, then we denote the permutation
representation generated by X by px. The quotient of p or pg by the trivial subrep-
resentation will be denoted pg.
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2. Basic properties of the slice filtration

In this section, we recall the definition and basic properties of the slice filtration.
Essentially all of this material is from [B], especially subsections 3 and 4.

Definition 2.1. For each integer n, let T, denote the localizing subcategory of G-
spectra generated by G A S*PH~¢ where H ranges over all subgroups of G, where
k-|H|—€e>n, and where ¢ =0, 1.

If X is an object of Ty, we say “X =2 n” and we say the “slice-connectivity of
X7, written scon(X), is greater than or equal to n.

If X s in Ty, but not in T>pq1, we will say that the slice-connectivity of X is n.

»”
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If we are considering 75, for various groups, we shall adorn this symbol with a
superscript distinguishing between them: 7'>G
What does “localizing subcategory” mean? Simply put, this is the category of
acyclics for a localization functor on G-spectra [B]. In particular, we have the following
properties.
1. The category 7>, is a full subcategory, and if X is weakly equivalent to an
object in 7>, then X is an object in 7>,.
2. Ts, is closed under cofibers: If X and Y are objects in 7>, and f: X - Y isa
map, then the cofiber C'(f) is an object in 7.

3. T»p is closed under extensions: If X and Z are objects in 7>y, and if X =Y — Z
is a cofiber sequence, then Y is an object in 75,

4. T3, is closed under retracts and infinite wedges.
5. Ty is closed under directed colimits.

Warning 2.2. [t is very important that these are not triangulated subcategories. They
are closed under suspension and cofibers but not desuspension and fibers. In fact, it is
not even the case that desuspension always takes T>pn to T>(n—1). Remark B2 below
illustrates this.

Associated to a localizing subcategory is a localization / nullification functor for
which the localizing category is the category of acyclics [B].

Definition 2.3. Let P"~!(—) be the localization functor associated to Ts,.

Definition 2.4. We say “X is less than or equal to (n — 1)” if the localization map
X — P 1(X) is an equivalence.

There is an obvious inclusion of full subcategories 7> (,41) C T>n. This gives us
natural transformations P"(—) — P"~!(—), and so to any spectrum X, we have a
naturally associated tower.

Definition 2.5. The “slice tower” of X is the tower with stages P™(X) and maps
the natural maps P"(X) — P"~1(X). The fiber of the map P"(X) — P"~Y(X) is
the “n' slice of X7, denoted P?(X).

In forming the nullification tower, we implicitly killed the G-space of all maps from
objects in 7>, to X in order to form P"~!(X). However, we can see equivariance much
more easily as follows.

Proposition 2.6. Let i}, denote the forgetful functor from G-spectra to H-spectra,
and let G4 ANy (=) denote its left adjoint, induction. Then we have natural inclusions
of full sub-categories

z’;ﬂgn - Tgn and G4 Ag (Tgn) C Tgn.
The localizing subcategory generated by ﬁ{(rgn) 18 Tgn.

This is actually immediate from the definitions. The restriction of any of the gen-
erators of Tfn to H is a wedge of generators of Tfn Similarly, if we induce up a
generator of T>n, then we get a generator of TE This proves the two inclusions. For
the ﬁnal part, Xisa wedge summand of ¢ H(GJr Ag X), and therefore all generators

of T>n are in the localizing subcategory generated by 4 H(Tgn).
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Corollary 2.7. The restriction to H of the slice tower of X is the slice tower of the
restriction of X to H:

Py (X) =iy PM(X).
For positive n, the slice tower receives a map from the Postnikov tower of the same
dimension.
Proposition 2.8. For all subgroups H of G and for allmn > —1, the induced sphere
Gy Ag S™ 15 in Tey,.

This is not difficult to show using induction on |G| and the closure of 7, under
extensions, since G4 Ag S™ is the bottom cell in G4 Ay S™H. We will use this tech-
nique exclusively. This result shows that the slice tower refines the Postnikov tower
in non-negative degrees.

Corollary 2.9. For all X and for alln > —1, P"~1(X) is n-coconnected.

The case for n negative is also important both in determining the colimit of the
slice tower and in our later analysis of special slices. We postpone our discussion of
these cases briefly.

Now here are the only examples in which we completely understand 7>,.

FEzample 2.10. The generators of 7> which are not zero-connected are G Ay S0pH
and G4 Ay SPH. Since G Ay S° = G/H,, and since all spectra which are (—1)-
connected are weakly equivalent to G-CW spectra, we learn that

T>0 = {(-1)-connected G-spectra.}

Ezample 2.11. Just as with 750, we can understand 7>_;. Here the generators are all
in the localizing subcategory generated by ¥~'G/H, and so

T>_1 = {(-2)-connected G-spectra.}
Together this gives an important corollary:
Corollary 2.12. The (—1)-slice of any spectrum X is the (—1)-Postnikov layer:
PN (X)~ X Hr_y(X).
Corollary 2.13. For any Mackey functor M, ¥"*HM is a (—1)-slice.

We also have an algebraic description of O-slices. A complete proof is in [H, Lemma
3.2]; we sketch a proof here.

Theorem 2.14. The category of 0-slices is the category of Mackey functors M such
that all restrictions are injections.

Sketch of Proof. Since G4 Ay S' is in 751 and since Ts¢ is the category of (—1)-
connected spectra, we know that the zero slices are all of the form HM for some
Mackey functor M. We need only determine which are allowed.

The essential step is the equality

[Pt HM]q = {z € M(G/G) | Res$(z) =0 VH C G},

i.e., the collection of elements in M (G/G) that map to zero under all restriction maps.
Since our localizing subcategory is closed under induction and restriction, this shows
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that any element of M (G/H) which restricts to zero in M(G/K) for all subgroups
K C H lifts to an element of

(G Ay SPH HM].

Thus, if these elements are all zero, so are these collections of maps. It is easy to see
that this implies that all restriction maps are injections. O

Remark 2.15. It is not the case that any x € M(G/G) = mgHM which restricts to
zero in some M (G/H) extends to a map SP¢ — HM. However, we do know that
by iteratively killing these elements off, in some eventual cofiber, the element = will
restrict to zero in all proper subgroups.

The previous theorem tells us the 0O-slice of any spectrum X.

Corollary 2.16. The 0-slice of a G-spectrum X s HP(S)@(X), where for a Mackey
functor M, PYM is the largest quotient of M in which all restriction maps are

monomorphisms.
The value on G/H of this quotient is Im(M(G/H) — M(G/{e})).

Corollary 2.17. A G-spectrum X is in 71 if and only if X is in 1>0 and
mo(X)(G/{e}) = 0.

After this point, we no longer have nice, easy Mackey functor descriptions. How-
ever, many of the categories of slices are secretly naturally equivalent to the afore-
described categories of Mackey functors. To see this, we introduce the final important
tool we will use: slices commute with suspension by copies of the regular representa-
tion in the same way that the Postnikov sections commute with ordinary suspension.

Theorem 2.18. For any X, for any n, and for any k,
prkiCl(shee X) = skee pr(X),
and hence
n+k|G 7
Pn+k|'G|‘(szGX) = yheo prx).

This is simply because we have an underlying statement about the localizing sub-
categories.

Lemma 2.19. For all n and for all k, we have
Skre A Ten = T>(n+k|G)-

This result follows by noticing that smashing with S$*#¢ induces a bijection on
isomorphism classes of generators and commutes with all of the properties.

Corollary 2.20. The category of (k|G| — 1)-slices is equivalent to the category of
Mackey functors via the suspension by kpg.

Corollary 2.21. The category of (k|G|)-slices is equivalent to the category of Mackey
functors in which all restrictions are injections via the suspension by kpg .

Suspension invariance of the categories 7, will allow us to determine the slice-
connectivity of negative spheres.
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Proposition 2.22. Forn > 1, the spectrum G+ Ag S™" is in T>_(n—1)|u|—1 but not
N T>—(n-1)|H|-

Proof. Since the spectrum is induced and since induction preserves slice-connectivity,
it suffices to prove this for H = G. By our suspension invariance, showing that S™" is
in 7> _(n_1)|q|—1 but not in 7> _(,_1)|g| is equivalent to showing that S(n=1p=n ig in
T>_1 but not in 7>¢. This virtual representation sphere is S(=1p=1"and by looking
at fixed points, we see that this is (—2)-connected but not (—1)-connected. O

With our understanding of connectivity and of which spheres occur in which slice-
connectivities, convergence of the slice tower is actually relatively straightforward
to prove. All of the generators of 7, are at least (n/|G|— 1)-connected if n >0
and (n — 1)-connected if n < —1. This means that all elements in 7, share these
connectivity lower bounds. Thus, (] 7>, is the full subcategory of weakly contractible
spectra. Proposition 222 shows that | J 7>y, is the full subcategory of bounded below
spectra. Thus, the limit of the slice tower is X and the colimit is contractible.

We close the section with a few remarks about slice filtration and smash prod-
ucts. In general, if X € 7>,, and Y € 75,,, then we know very little about the slice-
connectivity of X AY (even if both m and n are non-negative). There are several
cases in which we know more.

Proposition 2.23. If X is in 7>0 and Y s in Ty, then X AY is in 7>,.

Proof. The category Ts¢ is generated by G/H for H a subgroup. Smashing Y with
this is equivalent to taking the restriction to H of Y and then inducing back to G,
and we have already seen that 7>, is closed under these operations. O

Corollary 2.24. If X is in T>pjg| and Y is in Tsy, then X NY 48 in T> G 4n-

Proof. By suspension invariance, ¥~k X ¢ T>0. Proposition 223 then tells us that
LTRre X NY € T>n, and by suspension invariance again, X AY € Ty q|4n- O

3. Slice-connectivity and underlying dimension

At this point, we leave the more familiar waters of Hill-Hopkins-Ravenel and begin
our more specific discussions of examples of slices. We start with a surprisingly useful
generalization of Proposition EZ3.

Lemma 3.1. IfY is in 7>, then XY is in T>(m41)-

Proof. The proof of Proposition I3 actually shows this. We quickly review it here.
The proof is by induction on the order of the group. The base-case is the non-
equivariant statement that if Y is (m — 1)-connected, then XY is m-connected. We
have a cofiber sequence

¥S(p—1)y — St = 57,

so smashing with Y yields another cofiber sequence. The group G acts without fixed
points on £S(p — 1)4, and it is 0-connected. Thus, it is built out of cells of the form
G/Hy A S* for k > 1 and H C G. By the induction hypothesis,

SS(p—1)4 AY

is in 7 (1) Similarly S? AY, being in 7> (g|4m), 18 0 T>(m1)- O
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This gives two closer connections between the slice and Postnikov towers. First,
we can relate connectivity and slice-connectivity.

Corollary 3.2. If X is (n — 1)-connected withn > 0, and if Y is in Ty, then X ANY
U8 N Ty (ntm)-

Proof. The connectivity assumption shows that X can be built out of suspensions of
S™ and induced cells. Iterated applications of Lemma BT then gives the result. [

We can also slightly refine Theorem P8, providing a connection between slices
and suspensions. This follows from the inclusion

1
ST N1y C T (k+1)-

Corollary 3.3. We have a natural map
PR (ETIX) - PP(X).

For X = S° and k = —1, this gives the natural map HA — HZ.

We now develop two closely related criteria which establish some bounds on the
slice size of skeleta of a finite G-CW spectrum X smashed with an arbitrary spectrum
Y. The two variants depend on which factor we have tight control of. We first assume
some control on Y, deducing results about the slice-connectivity of skeleta of X.

3.1. Slice-connectivity of skeleta
As a bit of notation, if X is an equivariant CW spectrum, let X denote its
k-skeleton. We begin by generalizing the result that S™ is in 7>, for positive n.

Theorem 3.4. Let n be a non-negative integer, and let Y be in 7>p,. If X is an
n-dimensional G-CW complex such that X \Y s in T>(nim), then XFAY s in
T> (k+m) for all0 < k < n.

Proof. We proceed by induction on the codimension. The base case of codimension
0 is by definition. Assume that the codimension (n — k — 1) skeleton is greater than
or equal to (k+ 1+ m). We have a cofiber sequence

\/ Gy A, SFAY — XHAY - xEHIAY,

[e3

where the wedge is taken over all (k + 1)-cells e, of X. By assumption, the rightmost
term is greater than (k +m). By Lemma B, the leftmost term is greater than or
equal to (k+ m). Since we are looking at a localizing subcategory, we conclude that
the middle term is greater than or equal to (k 4+ m), as required. O

Applying this to Y = S° shows us that if X is an n-dimensional complex which is
in 7>, then the k-skeleton is in 5.

Remark 3.5. 1t is obviously not true that every n-dimensional G-CW complex is in
T>n. If we wedge a copy of S° onto a general element of 75, then we drop the slice-
connectivity to 0. Even if we insist on irreducible complexes, the result is far from
true, as the representation sphere example below shows.
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If X is in 75, then X7 X is in 75 (5G| 4+m)- Applying this and Theorem B to the
spheres S* for £ > —1, we deduce the following corollary.

Corollary 3.6. For all £ > —1 and for all k < n|G|+ ¢, (S"PM)[M is greater than
or equal to k.

3.2. Slice-connectivity of representation spheres

In equivariant homotopy theory, there is a tension between G-CW complexes and
representation spheres: certain statements are easier to prove for one or the other. In
this case, we have a quite nice dual to the previous theorem but for representation
spheres.

Theorem 3.7. Let Y be in Tsm,, and let W be a representation such that SW AY is
N T>(dim W+m)- Let V is a subrepresentation of W such that VG =WEC. Then

scon(SY AY) > min ({ scon(iy (SV AY)) | (W/V)H #£{0}} U {dim W + m})
If the minimum is achieved by one of the restrictions, then
scon(SV AY) = min ({ scon(i%; (8V AY)) | (W/V)H £ {0}}).

Proof. Let U denote the orthogonal complement of V in W. Since V¢ = W, we
know UY = {0}. Pick a G-CW decomposition of S(U). Since UY = {0}, we know that
there are no fixed cells. The representation sphere SV is the unreduced suspension
SY % S(U), and so it therefore has a single trivial cell: the zero cell. Our direct sum
decomposition gives rise to a homeomorphism S¥ AY A SU =2 SW A Y.

Our analysis of the skeleta of SY shows that we get S AY from SV AY by
attaching “cells” of the form G Ay e™' A SV AY with H a proper subgroup. The
attaching map for this is from G4 Ag S" A SV AY, and by Lemma B, the slice-
connectivity of this is greater than or equal to that of i%; (S A Y). Thus, by downward
induction, SV A'Y can be nested between things of slice-connectivity greater than or
equal to the minimum of these and the starting value of dim W + m.

Since for all spectra X and for all subgroups H we have an inequality

scon(X) < scon(ify X),

if the minimum for scon(S" A Y') is achieved on some subgroup (rather than dim W +
m), then we immediately have equality. O

The inclusion of the term dim W + m is necessary to cover the cases in which the
restriction of Y to any proper subgroup of G is contractible. In this case, SY A Y =
S™W A'Y, and so they necessarily have the same slice-connectivity. Spectra of this form
will be studied more in Section B.

If we add in more conditions, then we can get sharper bounds on the slice-
connectivity. The following proposition is identical in proof to the previous theorem.
In this, we explicitly assume tighter control of the slice-connectivity of the domains
of the attaching maps for the cells.

Proposition 3.8. Let Y be in 7>, and let V.C W be representations such that
1. V€ =w¢,
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2. SWAY isin T>dim W+m, and
3. for all HC G and v € N such that SW/V has a cell of the form G4 Ag e+,
the restriction i (SVT" AY) is in T>dim Vtrtm,
then SV AY is in T>dim V+m-
It seems like these are unduly hard restrictions, requiring us to know almost every-
thing at the outset. In practice, the second condition is purely representation-theoretic

and easy to check based on the dimensions of fixed points. Using Lemma BT, we have
a very easy to check sufficient condition for Theorem BZa.

Corollary 3.9. If Y is in 7oy, if SW is a representation sphere such that SV AY
i8I T>(dim W+m), and if V is a subrepresentation of W such that VG =W and
the restriction to all proper subgroups of SY AY is in T>(dim V+m), then SYAY is
N T>(dim V4m)-
For cyclic p-groups, this becomes a single condition to check: that the restriction to
the maximal proper subgroup is of the desired slice-connectivity.

Choosing Y = SY in the previous theorems allows us to determine for various
representation spheres the slice-connectivity.

Corollary 3.10. For all finite dimensional representations V| there is a K such that
SV+tE s in T>dimv+k for all k> K.

Proof. Choose kg such that
V4koCmp+p=W,

and (V + ko)¢ = W&, By definition, S"° is in 7>dimw,, and by Lemma B, for all
¢>0, SWott is in T>dim Wo+¢- By induction on G, there is a k; such that for all
H C G,

scon(if; SV TROTRLY > dim V + ko + k.
By Corollary B9, we conclude that we need only take K = kg + k. O

There is one beautiful family in which we can get a slick result. This was originally
posed by Strickland, and it gives a clean view of a natural family of representations
that have the right slice-connectivity.

Theorem 3.11. If X is a finite G-set and € is 0 or 1, then SPX™€ is in T x|—-

Proof. This will be proved by induction on the order of G. For G the trivial group
(and therefore for any representation sphere induced up from the trivial group), this
is obvious since spheres are the representation spheres for the trivial group.

Now assume that for any proper subgroup of G the result is true and apply Theo-
rem B70. Let k = |X/G|. Since the permutation representation associated to an orbit
G/H embeds as a subrepresentation of the regular representation, we have a natural
inclusion

px —€C kpg — e
Moreover, this has the property that
(px — )% =R"* = (kp — ),
and by definition, S¥°¢~¢ is in T>k|G|—e- Lhus, the first hypothesis of Theorem B is
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satisfied. To prove the result, we need only show that the restriction of S?X~¢ to any
proper subgroup is in 73 |x|_.. However, px is the permutation representation py,
and this restricts to the permutation representation

Py = pResg(X)'

Our desired representation sphere therefore restricts to S?¥~¢. By our induction
hypothesis, this is greater than or equal to its dimension, and we have proved the
result. O

Remark 3.12. Just as with CW complexes, it is not the case that every representation
sphere is greater than or equal to its dimension. For example, 52°~2 is not in To|G|—2-
The p-desuspension of S?~2 is SP~2 which is in 7>_1 but not in 7>¢ (since it is not
(—1)-connected). Thus, 5?77 is in 75 (|¢—1) but not in 75¢;.

Using similar methods, we can produce the Spanier-Whitehead dual of Theo-
rem BT, Rather than present it in full generality, we will give the form which we
will later use.

Theorem 3.13. If N < G, then the spectrum SPC~PG/N s in T n|—1-

Proof. We have an inclusion of representations

V=pc—peny Cpc—1=W,
and the G-fixed points agree. Thus, we can find a lower-bound on the size of SP¢~rc/N
by applying Theorem B2. The representation W/V is pg/n — 1, and those subgroups

which occur in the G-CW decomposition all contain N. Thus, we need to understand
the slice-connectivity of

it (SPePa/N) = SlG:H)(prr—pu/N)

for N C H C G. By downward induction on [G : NJ, it is obvious that the base case
of H = N has the minimum size, and for this, we are considering

GlG:N(pw—1).

By Remark B3, this is in 7 |y|_1 but not 7>y O

A consequence of Corollary 10 below is that this bound is sharp for N < G. For
non-normal subgroups H, we do not know the expected bound.

There is a somewhat depressing corollary to this: the norm and slice filtration can
behave less ideally than we might have hoped. If F is a connective genuine equivariant
commutative ring spectrum, then so is P¥(E) for all k > 0. In particular, we have
norm maps

NGy, P*(E) — P*(E)
for all subgroups H and for all £ > 0.

For spectra like those that occur in the solution to the Kervaire invariant one
problem, computation evidence suggests that for some E, there is a natural lift (in



THE EQUIVARIANT SLICE FILTRATION: A PRIMER 153

commutative rings)

Pk[G:H]E .
ey
N§i%, PFE PkE

N

For very stupid reasons, this holds for all commutative F for £ = 0, but our result
above shows that this cannot hold for a general E and k. The norm of SP¥~1 is
SPeTPe/N | and we saw that this is only in 75 |x—1. So if we had to kill maps from
SPN~1into E, then the norm of those maps might not be killed at the desired lift.

4. Pullbacks and slices thereof

In this section, we will describe an interesting and useful family of slices: pullbacks.
In the subsequent sections, we will use these to identify the slice towers of HM and
for an algebraically defined class of spectra. We begin with a quite general definition
and some elementary properties.

4.1. Properties of pullbacks

Let G be an arbitrary finite group, and let N <1 G. Then the functor X — XV
defines a functor from finite G-sets to finite G/N-sets, and this functor preserves
pullback diagrams. Thus, given a Mackey functor M on G/N, we can compose with
the N-fixed point functor to get a Mackey functor ¢3 M on G. For the orbits, this
has a particularly easy description:

G4 M(G/H) = {M((G/N)/(H/N)) NCH
0 otherwise.

These functors were studied extensively in [@].

This algebraic story is part of a much richer narrative in algebraic topology which
connects nicely to the geometric fixed points functor and to the slice filtration. Since
N is a normal subgroup, the collection

FIN]={HCG|N¢ H}

is closed under subgroups and conjugation. There is, therefore, a universal space
EF[N] for this family which is built out of cells induced up from members of F[N].
The above description of the value of the Mackey functor ¢} M shows that the func-
tion spectrum F(EF[N];, Hpy M) is equivariantly contractible, and that we have a
natural equivalence

HéyM — EF[N] A HoyM.
We use this to motivate a notion of “pullback” for a general G/N-spectrum X.
Definition 4.1. If X is a G/N-spectrum, then let ¢’y X denote the G-spectrum
EF[N] A X,

where here X is viewed as a G spectrum via the natural quotient map.



154 MICHAEL A. HILL

Here we pause. The category of genuine G-spectra is a localization of G-diagrams
in spectra. The localization amounts to “invert representation spheres”, and this
is clearly preserved in passing from G/N-diagrams to G-diagrams. Smashing with
EF [N] removes the additional homotopy groups this pullback might produce. More-
over, we have good control over the homotopy groups. Much of this material is also
discussed in Lewis-May-Steinberger [H, II. §9], but we briefly sketch the relevant facts.

With this definition, the following is immediate.

Proposition 4.2. If M is a Mackey functor on G/N, then
onHM = Hoy M.

Proposition 4.3. The “N-fized points” functor establishes an equivalence between
G/N -spectra and the image of ¢ .

The image is actually relatively easy to describe: smashing with EF [N] is a local-
ization, and the image of ¢ is the subcategory of local objects. This is the heart of
Lewis-May-Steinberger’s chapter “the construction of G/N-spectra from G-spectra”
[@, IT §9]. The next proposition is quite useful and is a generalization of Greenlees-
May’s analogous result for pullbacks of Eilenberg-Mac Lane spectra [@, Proposition
10].

Proposition 4.4. For any X, we have a natural isomorphism

(X, 63 Y],, = [(E]?[N] A X)N,Y} o

Proof. Since smashing with EF [N] is a localization, we have a natural isomorphism
(X, o8Y ], = [(EFINIAX), ¢3Y]

By the equivalence of homotopy categories described in Proposition E=3, this final
group is isomorphic to

EF[N] A X)N, *YN} :

(BFINIAX)Y, (3]

since “N-fixed points” is a left homotopy inverse to ¢}, we have the desired result. O

Thus, the pullback in equivariant spectra is the right adjoint to the N-geometric
fixed points functor. This will be essential in our analysis of the role of ¢} in the slice
story.

Perhaps more interesting is a final proposition which links the monoidal structure
to pulling back. This follows from basic properties of EF [N]. This proposition is
a kind of Frobenius reciprocity in spectra: the role of restriction is played by IN-
geometric fixed points and the role of transfer is played by the pullback.

Proposition 4.5. If X is a G-spectrum and Y is a G/N-spectrum, then we have a
natural equivalence

X AGNY ~ ¢ (EFINJAX)N AY).
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Proof. The space EF [N] is a homotopy idempotent under smash product, so this
shows us that

X A (on(Y) = (EFIN]AX) A (83(Y)).
Now we apply Proposition E=3 to deduce an equivalence
N (BEFINJAX)N) ~ EF[N] A X,
since EF[N] A X is local. Pulling back is obviously weakly monoidal, so
X AGN(Y) = 6N (EFINIAX)Y) Aon(Y) = o3 (BFINJAX)VAY). O

Corollary 4.6. If X is a G-space, then

X NGNY = o (XN AY),
so in particular, if V is a representation of G, then

SY A GRY ~ ¢ (S AY)

for any G/N -spectrum Y .

Corollary 4.7. The inclusion of the zero cell induces an equivalence
HOWM — §76 e N HG M

for any M on G/N.
Proof. The N-fixed points of pg — pg/n are {0}. O
Corollary 4.8. The spectrum HoyM is in T>|n|—1-

Proof. By Theorem B3, the spectrum S™°¢/~ is in 7> _q|4|n|—1- Thus, SPe~re/N
is in 75|y 1. Since HoyM is (—1)-connected, it is in 70, and hence the smash
product

§PG=Pa/N N\ Hph M

is in 75| n5)—1 by Corollary EZZ4. By Corollary E72, this spectrum is H @3 M. [

4.2. Pullbacks and Slices

The relationship between the N-geometric fixed points and the pulled-back Mackey
functors generates for us a very large collection of slices. Simply put: certain slices
for G/N pull back to slices for G. We will first show an analogous result for spectra
less than or equal to a fixed number.

Theorem 4.9. If X is < (j — 1) for G/N, then ¢ X is < (jIN|—1) for G.
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Proof. We must show that if G4 Ay S¥°# ¢ is such that k|H| — € > j|N|, then
[Gy A S5 o3 X]a = 0.
We have a natural equivalence

. N¢ZH
(EF[N]A (G4 An S’“PH*))N ~ " N ZH,
(G/N)4 Ay S*Pu/v=¢ N C H.

We therefore learn that we always have

0 N ¢ H,

Gy Ag S¥7 = o3 X =
[ + NH N ]G {[(G/N).}-AH/NSIWH/Ne?X} N CH.

G/N

Now our assumptions about X come into play. Since N C H, if k|H| — e > j|N|,
then (k|H/N|— j)|N| > e. Since the left-hand side is an integer divisible by |N|, we
conclude that (k|H/N| — j)|N| = |N|e, and therefore k|H/N| — € > j. By assumption
X was < (j — 1) for G/N, and therefore any maps from something greater than or
equal to j are zero. Thus, if k|H| — € > j|N|, then

[(G/N)4 Apyn SEPHN =< X 0,

G/N
and we are done. O

Corollary 4.10. If HM is a zero slice for G/N, then HpNM is a (|N| — 1)-slice
for G.

Proof. Corollary 8 shows that H¢3 M is in 75 (| n|—1). Theorem I shows it is also
less than or equal to (|[N| — 1), and therefore it is a slice. O

This clearly points to a much deeper story.

Conjecture 4.11. The slice tower for a G/N -spectrum pulls back to the slice tower
for the pullback G-spectrum where the k-slice becomes the ((k + 1)|N| — 1)-slice.

We will see in our discussion of geometric spectra that this conjecture holds true
for N = G. For now, we provide a few more results in this vein. The first is a weaker-
than-desired lower bound.

Theorem 4.12. If X is in T;Gj/ivp then ¢ (X) is in Tg(j—l)w\'
If X is actually in the localizing subcategory generated by Gy Ngp S*PH fork - |H| >
J—1, then ¢3(X) is in T>jn|—1-

Proof. Pulling back preserves cofiber sequences and extensions, so we need only show
that this is true for the generators of Ts j/ivl. Since for any H containing N, we have

on ((G/N)y Agyn X) = Gy Ap oy X

(the only possibly non-obvious step here is that EF[N] for G restricts to EF[N]
for H), it suffices to prove this for H = G. We therefore show that for any & and
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€ =0,1 such that k|G/N|—e>j—1, we have ¢} (S*e/¥~¢) is in 7>(;_1)n|- By
Corollary B3, we have an equivalence

P (SHParnTe) o SRPGTE A G (S°).
Since ¢%(S?) is (—1)-connected, it is in 750. Thus, we need only show that
k|G| —e> (j —1)|N|.

This, however, is obvious.
For the second part, we observe that € is always zero here. Now we are looking at
a kpg-suspension of ¢%(S°). Since

PN (8%) == SPaTrPav A ¢y (S7),
we conclude that ¢4 (S°) is in T>|N|—1- Hence
scon (557¢ g3 (S°)) = k - |G| + scon (¢35 (S°)) = j|N| — 1. O

Remark 4.13. The second half of the previous theorem shows that if we consider
the localizing categories generated only by the regular representation spheres, then
Conjecture I is true. Ullman has recently studied this “regular slice filtration”,
and he independently proved that in this context, slices for G/N pull back to slice
for G 4.

Suspension invariance and the way suspensions pass through pullbacks show that
in two cases, we completely understand how slices pull back.

Proposition 4.14. If (j — 1) =0,—1 mod |G/N|, then (j — 1)-slices for G/N pull
back to (§jIN| — 1)-slices for G.

Proof. 1f (j — 1) = k|G/N| — ¢, then a (j — 1)-slice is a (kpg/n )-suspension of a (—e)-
slice. By Corollary BB, S*?c/~ pulls back to S*°¢. Corollary B0 shows that zero
slices pull back to (|N| — 1)-slices. Proposition B2 shows that (—1)-slices pull back
to (—1)-slices, and the result is proved. O

Corollary 4.15. If [G : N] = 2, then slices for G/N pull back to slices for G.

5. The slices of HM for cyclic p-groups

We will use our understanding of pullbacks to determine all of the slices of HA
and HM for an arbitrary cyclic p-group, where A is the Burnside Mackey functor
and where M is arbitrary. Our method uses some amusing properties of A which are
specific to cyclic p-groups, namely the simplicity of the augmentation ideal. For a
general M, the story is slightly trickier, and interestingly, our slice filtration on H M
is essentially the same as the filtration used by Barwick in his proof of the Carlsson
conjecture [M].

5.1. The slice tower for HA

For G = Cyn, the slices of the Eilenberg-Mac Lane spectrum for the Burnside
Mackey A functor are actually shockingly simple and the slice filtration arises in an
obvious algebraic way.
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Since HA is (—1)-connected, we know that HA is in 7>9. We also know that the
zero slice assigns to G/H the group

Im(A(G/H) — A(G/{e})) = Im(A(H) - Z),

where the map is the augmentation sending a finite H-set to its cardinality. This is
the well-known constant Mackey functor Z: the value on G/H is Z, all restriction
maps are the identity, and transfers are multiplication by the index. Let I denote
the augmentation ideal, the kernel of the map A — Z. This we can write as a sum of
pullbacks for G = Cpn.

For G = Cyn, we have a single subgroup Cp» for each 0 < k < n. Instead of the
somewhat cumbersome ¢*Cpk’ we will write ¢j.

Proposition 5.1. If I is the augmentation ideal of the Burnside Mackey functor for
Cpn, then we have an isomorphism of Mackey functors

I=Paeoz,
k=1
where Z* is the dual to the constant Mackey functor Z on Cpn—r.

Proof. Consider the subMackey functor generated by the element [Cpr+1/Cpr] —p
in I(Cpn /Cpr+1). The transfer of this element to Cym is [Cpm /Cpr] — p[Cpm [ Cpyrs1],
and the collection of all elements generated by these elements for fixed k is clearly
a subMackey functor. This restricts to zero in I(Cpn/Cyr), and it is immediate that
this subMackey functor is ¢;Z*. Moreover, for fixed m and varying k, the elements
[Cpm [Cpi] = p[Cym [Cprsa] are linearly independent and generate I(Cyn /Cpm). [

Corollary 5.2. We have an equivalence
n
HI=\/ Hp;Z".
k=1

We know also that H[ is in 751, since it is the fiber of the map from H A to its zero
slice HZ. By Corollary 10, HI is a wedge of slices. These are therefore the slices
of HA, and the filtration by slices of degree less than or equal to m is the m-slice
section.

What is perhaps most curious here is that all of the slice sections are Mackey
functors associated to a natural filtration of the Burnside ring by summands. By
considering degrees, we see the following.

Theorem 5.3. If n is not of the form p* — 1, then the map P"(HA) — P""1(HA)
is an equivalence. We also have an equivalence

n
k_ *
PPU'HA=H A/ D ¢z
Jj=k+1
In particular, the slice spectral sequence for HA is very simple. All groups are

concentrated in dimension zero, and their filtrations are exponentially distributed. In
fact, the groups lie at the very edge of the vanishing regions for various subgroups,
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which provides an interpretation for the vanishing lines in the slice spectral sequence
as lines detecting when restrictions vanish.

Since every Mackey functor is a module over the Burnside ring, the naturality of
the slice tower tells us that the corresponding filtration of an arbitrary Mackey functor
M is a good first approximation to the slice tower for H M. Each of the stages of the
slice tower for HA is the Eilenberg-Mac Lane spectrum for a Green functor (in fact,
a Tambara functor), so the A-module structure of a Mackey functor M shows that
the slices of HM are in the obvious module categories. We can do better, though,
and explicitly determine all of the slices of HM for a cyclic p-group.

5.2. The slice of HM for a cyclic p-group
We begin by defining a filtration on a Mackey functor M. For obvious reasons, we
will call it the coslice filtration.

Definition 5.4. If M is a Mackey functor, we define a filtration of M by saying that
the k'™ filtered piece F*M is the subMackey functor of M generated by all elements
which restrict to zero in all subgroups of order at most k.

We also let FOM be M.

Remark 5.5. As stated, this definition obviously works for a general finite group G.
We return to the question of how much of this section holds in that case in the last
section.

For a cyclic p-group, it is obvious that F*M = FF~1M unless k is a power of p.
Similarly, by construction, i M is pulled back from Cyn/Cpr. We can do signifi-
cantly better, though.

Proposition 5.6. If k > 1, then the spectrum H(Fpk’lﬂ/F”kM) is the pullback of
a zero-slice for Cpn [Cpr—1.
If k =0, then the spectrum H(M/Flﬂ) is a zero-slice.

Proof. We prove the second part first, as the first follows easily from this.

By Theorem ETA, zero slices are distinguished by the fact that all restriction maps
to the trivial group are injections. The subMackey functor F'M is the subMackey
functor of all elements which restrict to zero in the trivial group, and so the quotient
M /F'M is a zero slice.

For the first part, we note that F’ Pt -1 M is pulled back from Cyyn /C)x.. In particular,

it is the pullback of FON for some N on Cpn / Cpr Similarly, F° p* M is the pullback of
FIN. The quotient is therefore the pullback of N/F!N, which is the pullback of a
zero slice. O

Corollary 5.7. For any M over Cpyn, H(Fpk_IM/FPkM) is a (p* — 1)-slice.
Theorem 5.8. For G = Cyn, then v slice of HM is

PI(HM) = H(F"M/F""M),
and the slice sections are

PT(HM)=H(M/F™'M).
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Proof. We rewrite the coslice filtration of M as a tower with limit M: P"M =
M/F 71 M. We have obvious short exact sequences

FTM/FT+1M_>M/FT+1M_>M/FTM~

Applying H(—) to this tower of Mackey functors produces a tower of fibrations in
spectra. Since our group is a cyclic p-group, we know that these only change when
(r41) is a power of p. By Corollary B74, the fibers in the tower are all slices, and by
construction, they are arranged in increasing order. We therefore conclude that this
tower of Eilenberg-Mac Lane spectra is the slice tower. O

Now we give a small warning (which is in some sense obvious). While it is the case
that the Mackey functors M /F" M are modules over A/F" A (and this is true for any
finite group, in fact), in general

M/F'M % Mz A/F"A.

There is always a map from the right to the left, but even for zero slices, it can fail
to be an isomorphism.

5.3. An example

To facilitate understanding of the coslice filtration on a Mackey functor, we get
our hands dirty with an example. Let G = Cs, and we use the standard notation for
a Mackey functor:

M(G/G)

=
I
VRN

),
/

M(G/{e})
)

Y

where 7 is the restriction, ¢ is the transfer, and + generates the Weyl group.

Our example will be the Mackey functor E defined by

7.6 17)/2

|t
Il
o
/‘T\\
K

70
)

1

By definition, F°E = E. Similarly, F'E is the subMackey functor generated by all
elements which restrict to zero in E(G/{e}). This gives the following Mackey functors
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for F1E and the quotient E/F1E:

27 @ 7./2 2/2\

\ /-
FE = o( lo E/F'E=1 1o

N N\

O o)

0 1

The slice tower is in this case simply the fiber sequence HF'E — HE — H(E/F'E).
The module E also fails to satisfy E/F'E = ERXZ. In this case, the latter is

and the map to the zero slice of E is the obvious quotient map.

6. Geometric spectra

The notion of pullback has already proved useful. We focus now on a special case,
“geometric spectra”, for which the slice tower is a reindexed form of the Postnikov
tower. These are actually distinguished by an algebraic condition on their Mackey
functor homotopy groups.

Definition 6.1. A Mackey functor M is concentrated on G/G if
M(G/H) =0
for all proper subgroups H.

Thus, M is concentrated on G/G if M = ¢5M for some M an abelian group
(which is a Mackey functor for the trivial group). Thus, much of this section simply
exploits the fact that Conjecture B is true in this context, and we work out many
of the implications of this.

We have already encountered a number of examples.

Ezxample 6.2.
1. If G = C), then the augmentation ideal I is concentrated on G/G.

2. For any G, moF(SP¢~', HM) = H°(S#¢~'; M) is concentrated on G/G for any
Mackey functor M.

These examples give some of the general algebraic flavor.

Proposition 6.3. Every Mackey functor M has a largest canonical quotient EPo M
such that EP ® M is geometric. If M is a Green functor, then so is EP @ M.
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Proof. To form EP ® M, we quotient M by the sub-Mackey functor generated by
M(G/H) for all proper subgroups H. If M is a Green functor, then by definition,
this is a Mackey ideal, and hence EP @ M is a Green functor. O

Remark 6.4. It M(G/G) is a division ring and M is geometric, then M is a Mackey
division ring. These have been studied extensively by Lewis and Oruc [B], [[2]. We
believe that the pulled-back and fixed point Mackey functors associated to Galois
field extensions exhaust all Mackey fields.

We have chosen this notation to underscore the close connection between Mackey
functors concentrated on G/G and geometric fixed points. This connection will be
fleshed out further shortly.

Remark 6.5. The previous proposition is really a statement about pulled-back Mackey
functors. There is an identical proof which shows that every M has a canonical largest
quotient EF[N]® M which is pulled back from G/N. Additionally, this is a Green
functor if M is. This is also the localization onto the full subcategory of Mackey
functors for which the pullback is the left adjoint, as described in [@, Proposition 4].

The second example above shows us the following proposition.

Proposition 6.6. Every M has a canonical mazimal subMackey functor PM such
that PM is concentrated on G/G.

This reinforces the close connection between Mackey functors concentrated on G/G
and the slice filtration (since PM is the top slice of HM, PH;':;HM).

We now turn more fully to topological considerations, directly linking this algebraic
discussion to slice and geometric fixed point constructions. We have two essentially

equivalent consequences of the definition: if M is concentrated on G/G, then
1. G/Hy NHM =~ % and
2. F(G/Hy,HM) ~ x

for all proper subgroups H.

Since the cofiber of the inclusion SV < SV is built out of cells with proper
stabilizer subgroup, the previous observation shows that

SVYANHM ~ SV A HM,

and the equivalence is induced by the inclusion of the fixed point sphere. Coupled
with the stability of slices under suspension by copies of the regular representation,
this gives a huge list of slices.

Theorem 6.7. If M is concentrated on G/G, then X"~*HM is a (n|G| — 1)-slice.

Proof. For any Mackey functor N, Y"1 HN is a (—1)-slice. We therefore learn that
Ynre—1H N is a (n|G| — 1)-slice, and if M is concentrated on G /G, then

yreeTlgM ~ YL H M. O
Remark 6.8. 1t is not the case that a Mackey functor concentrated on a proper sub-
group has this property. For G = Cs, the fixed point Mackey functor associated to the

sign representation is concentrated on G/{e}, but it is easy to produce suspensions
which are not slices.
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Remark 6.9. The analogous result for pullbacks is that if M is a zero slice for G/N,
then Ykre/Ny He% M is an (k|G| + |N| — 1)-slice. Similarly, for any Mackey functor
M, Skera/n=LH¢% M is a (k|G| — 1)-slice. The proof is immediate from Corollary E8.

This property that the function spectrum from G/H, to HM is contractible for
any M concentrated on G/G is shared by EP, where P is the family of proper
subgroups. As this spectrum is that with which we smash to get the geometric fixed
points, we give a topological version of our earlier algebraic statement.

Definition 6.10. A G-spectrum X is geometric if m.(X) is concentrated on G/G.

Smashing with EP effects the localization nullifying all maps from induced objects,
so we derive the following equivalent form immediately.

Proposition 6.11. A spectrum is geometric if and only if the natural map
X > EPAX
is a G weak equivalence.

This gives the reason for calling such spectra “geometric”: the fixed and geometric
fixed points agree. Since E'P is a smash idempotent in G-spectra, we have a lot of
geometric spectra.

Corollary 6.12. For allY, EP AY is geometric.

In fact, all geometric spectra essentially arise in this way (due to the equivalence
described in Proposition E33). If M is a Mackey functor, then the Mackey functor
EP ® M of Proposition B3 is mo(EP A HM). Moreover, for X a (—1)-connected
G-spectrum,

To(EPAX)=EP@mX.

While all geometric spectra are of this form, they arise from seemingly unrelated
ways. The following proposition is obvious, but we have found it sufficiently useful
that it bears repeating.

Proposition 6.13. If f: X — Y is an equivariant map such that
7 (X)(G/H) = m.(Y)(G/H)
is an isomorphism for all proper subgroups H, then the fiber of f is geometric.

This seemingly simple condition of “geometric” actually allows us to completely
deduce the slices of a geometric spectrum X.

Theorem 6.14. If X is a geometric spectrum, then the slice tower of X is a reindezed
form of the Postnikov tower of X : the (n — 1)%" Postnikov layer is the (n|G|—1)%
slice and all other slices are contractible.

Proof. We first note that the Postnikov layers are in fact slices by Theorem 6. The
slice tower is a nullification tower, nullifying induced up representation spheres. Since
maps from anything induced from a proper subgroup are automatically null (this is
a restatement of X being geometric), we need only consider the effect of nullifying
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maps from regular representation spheres. In particular, we see that the slices only
change in dimensions congruent to —1 or 0 modulo the order of G.

Now we apply the same argument used for Theorem E2: the inclusion S™~! into
SmPé—1 is an inclusion modulo induced cells, and therefore the space of maps from
S"~!into X is the same as the space of maps of §”?¢~1 into X. The nullification
towers are therefore the same, giving the result. O

Remark 6.15. In [B, Proposition 4.41], it is shown that if the layers of a tower are
slices of increasing slice-connectivity, then the tower is the slice tower. Theorem G4
shows that the layers of the Postnikov tower are increasing slices, and so we conclude
that the two towers are the same.

This theorem gives us a way to interpret the slice tower for a general spectrum
Y. The Mackey functor homotopy groups of Y are essentially determined by the
homotopy groups of the H-geometric fixed points of Y for all subgroups H. Each of
these are restrictions of Y to subgroups, followed by smashing with the appropriate
EP, and since smashing with EP produces a geometric spectrum, the slices of these
are a smeared version of the ordinary Postnikov sections. Thus, we learn that the
slice tower is essentially an aggregation of stretched out Postnikov sections, scaled by
the order of the appropriate subgroups.

7. Here be dragons

We finish with a few observations and conjectures. These fall into two flavors:
algebraic and topological. As is common in algebraic topology, both are underlain by
the topology of the slice filtration.

On the algebraic side, we have the general question of the algebraic analogue of the
slice filtration. We defined a decreasing filtration of a general Mackey functor, and for
cyclic p-groups, this gives the slice filtration. The definition, however, was independent
of the structure of the finite group: the k*" filtered piece is the subMackey functor
generated by all elements which restrict to zero in all subgroups of order at most k.
The obvious question is if the Eilenberg-Mac Lane spectra associated to the filtration
quotients realize the slices of HM. Our analysis of slices breaks down here, since we
do not understand how to handle non-normal subgroups and pullbacks therefrom?.

There is an additional subtlety: it is not immediately clear that the slices are all
Eilenberg-Mac Lane spectra. For HA and HM for G = Cpn, we showed this directly.
For other spectra, this is less clear (though we know that eventually the layers of
the slice tower will be Eilenberg-Mac Lane spectra). The process of forming the
intermediate stages could introduce and then kill higher homotopy groups. While we
believe all slices to be Eilenberg-Mac Lane spectra, we do not have an easy argument
showing it.

On the topological side, we have the general question of the relationship between
the slice tower of a quotient group G/N and the slice tower for G. We showed in
Theorem B that if X is less than or equal to (j — 1) for G/N then ¢4, (X) is less
than or equal to j|N| — 1 for G. This provides the upper bound. We do not have the

!Since the submission of this paper, Ullman has used the regular slice filtration to prove this con-
jecture and the following [IA].
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corresponding precise lower bound except in special cases. In other words, if X is a
(j — 1)-slice, then we do not know that @7 (X) is in 7> (;|n|—1), which would imply
that ¢3(X) is a (j|N| — 1)-slice. The only examples in which we could completely
understand the connection are the geometric spectra, and here we see that this exactly
holds.

The notion of “pullback” used here is not the naive one. We have chosen to couple
pulling-back with the N-geometric fixed points to make more conceptual the connec-
tions between the homotopy groups and the obvious effect on Mackey functors. This
has the added advantage of establishing the N-geometric fixed points as a (homo-
topy) left adjoint to the N pullback functor. Coupled with our earlier conjecture
(Conjecture EIT), this suggests a very clean and detailed story linking the slice tower
to various flavors of geometric fixed points and vastly generalizing Theorem B4 and
the remarks thereafter.

References

[1] C. Barwick. A solution to the Carlsson conjecture. Unpublished.

[2] D.Dugger. An Atiyah-Hirzebruch spectral sequence for K R-theory. K -Theory,
35(3-4):213-256 (2006), 2005.

[3] E.Dror Farjoun. Cellular spaces, null spaces and homotopy localization, volume
1622 of Lecture Notes in Mathematics. Springer-Verlag, New York, 1996.

[4] J. P. C. Greenlees and J. P. May. Some remarks on the structure of Mackey
functors. Proc. Amer. Math. Soc., 115(1):237-243, 1992.

[5] M. A. Hill, M. J. Hopkins, and D. C. Ravenel. On the non-existence of elements
of Kervaire invariant one. arXiv:0908.3724 [math.AT], 2009.

[6] M. J. Hopkins and F. Morel. On the zero slice of MGL and S°. In preparation.

[7] L. G. Lewis, Jr. The RO(G)-graded equivariant ordinary cohomology of com-
plex projective spaces with linear Z/p actions. In Algebraic topology and trans-
formation groups (Géttingen, 1987), volume 1361 of Lecture Notes in Math.,
pages 53—122. Springer, Berlin, 1988.

[8] L. G. Lewis Jr. The theory of Green functors. Unpublished manuscript.

[9] L. G. Lewis, Jr., J. P. May, and M. Steinberger. Equivariant Stable Homotopy
Theory, volume 1213 of Lecture Notes in Mathematics. Springer-Verlag, New
York, 1986.

[10] M. A. Mandell and J. P. May. Equivariant orthogonal spectra and S-modules.
Mem. Amer. Math. Soc., 159(755):x+108, 2002.

[11] J. P. May. Equivariant homotopy and cohomology theory, volume 91 of CBMS
Regional Conference Series in Mathematics. Published for the Conference
Board of the Mathematical Sciences, Washington, DC, 1996. With contri-
butions by M. Cole, G. Comezaifia, S. Costenoble, A. D. Elmendorf, J. P. C.
Greenlees, L. G. Lewis, Jr., R. J. Piacenza, G. Triantafillou, and S. Waner.

[12] M. Y. Oruc. The equivariant Steenrod algebra. Topology and Its Applications,
32:77-108, 1989.



166 MICHAEL A. HILL

[13] S. Schwede. Lectures on equivariant stable homotopy theory. Available on the
author’s website.

[14] J. Ullman. On the slice spectral sequence. arXiv:1206.0058 [math.AT], 2012.

[15] V. Voevodsky. On the zero slice of the sphere spectrum. Tr. Mat. Inst. Steklova,
246(Algebr. Geom. Metody, Svyazi i Prilozh.):106-115, 2004.

Michael A. Hill mikehillOvirginia.edd

Department of Mathematics, University of Virginia, Charlottesville, VA 22904


mailto:mikehill@virginia.edu

