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ABSTRACT. We compute the homotopy Mackey functors of the KUg-local equivariant
sphere spectrum when G is a finite g-group for an odd prime ¢, building on the degree
zero case from |[BGS|.

1. INTRODUCTION

Work of Adams-Baird (unpublished) |[Ad] and Ravenel [Ral Theorems 8.10, 8.15], (cf. [Bo,
Corollaries 4.5, 4.6]) calculates the homotopy groups of the sphere spectrum localized at
complex K-theory.

Both the sphere spectrum S and the complex K-theory spectrum KU admit equivariant
refinements. It is natural to ask if the calculation of Adams-Baird and Ravenel can be done
equivariantly. When ¢ is an odd prime and G is a finite g-group, Bonventre and the third
and fifth authors calculated the homotopy Mackey functor m,Lky,Sc of the localization
of the equivariant sphere spectrum S with respect to equivariant complex K-theory KUg
IBGS| Theorem 1.1]. In this paper, we calculate the remaining homotopy Mackey functors
of this localization: m, Lxy.Sq for n # 0.

Theorem 1.1. Let G be a q-group for an odd prime q, and let £ be any integer that is
primitive mod |G|. The homotopy Mackey functors of the KUg-local equivariant sphere
spectrum Lk, Sa are as in the table below.

n T, LrusSa

0 RQ® (Z®Z/2)

-2 coker (ME)M)@)Q/Z

8k # 0 or 8k +2 RQ®Z/2

%141 RQ & map—1 LicuS[L] & coker (RUJ{8*} Y5 RUN{B*})
otherwise 0

1[BGS| Theorem 1.1]

The structure of the cokernel of /¢ — 1 is described in

Remark 1.2. These homotopy groups are independent of the choice of ¢, so long as it is
primitive modulo |G|.
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To perform this computation, we make use of a fiber sequence of equivariant spectra
involving Adams operations. For G any odd g-group and ¢ primitive mod |G|, there is a
fiber sequence

2

LiveeSa — (KUq)) =5 (KUG)L. (1.3)
To use this to understand the homotopy Mackey functors of Ly, /qSc, one must contend
with the action of 1) — 1 on the homotopy Mackey functors of KUg. Recall that m, KUg =
RU[B, 7], where || = 2 and that ¢! is a ring map with ¥*(3) = ¢8. It is not too hard to
see that the kernel of 1" — 1: 7, KUg — 79, KUg is trivial for k # 0. Thus the question is
really to understand the cokernel of ¢ — 1. We accomplish this in where we give
an explicit description of the values of the Mackey functor coker(t/* —1). With these in hand,
we then use the arithmetic fracture square to obtain the global calculation in

1.1. Conventions. Throughout this paper, we fix an odd prime ¢ and a finite g-group G.
The integer ¢ will always be assumed to be coprime to the order of G, and at times ¢ will
furthermore be assumed to be primitive modulo |G| = ¢7. For j > 2, this is equivalent to
requiring j to be primitive modulo ¢? (see, for example, [N, Lemma 1.10]).

1.2. Acknowledgements. This work began at an NSF RTG-funded workshop held in Lex-
ington, Virginia in August 2022. We would like to thank Julie Bergner, Nick Kuhn, and
the other organizers of this workshop. We would also like to thank William Balderrama for
numerous helpful discussions.

2. PRELIMINARIES

2.1. Representation rings and Green functors. Recall the following commutative rings
associated to G:

e The complex (resp. rational) representation ring RU(G) (resp. RQ(G)) is the Groth-
endieck group of isomorphism classes of finite-dimensional complex (resp. rational)
G-representations under direct sum. The product is induced by the tensor product
of G-representations.

e The ring of complex-valued class functions Cl(G, C) is the ring of functions G — C
which are constant on conjugacy classes of elements in G.

These rings are related by the following pair of ring homomorphisms:
RQ(G) —— RU(G) <= CI(G,C)

The first of these homomorphisms is base change from Q to C, and the second is the character
map. In particular, note that the character map x: RU(G) — Cl(G,C) is injective and
embeds the complex representation ring as a subring of the ring of class functions. It will
occasionally be convenient to calculate in the image of the character map rather than with
complex representations themselves.

These four commutative rings can all be upgraded to Green functors. We denote the
Green functor versions of these rings by underlining them; for example, RQ is the Green
functor with RQ(G/H) = RQ(H). The same relationships hold among the Green functors
as do among the commutative rings: there is a sequence of Green functor homomorphisms

RQ —— RU <= (I

Let A(G) be the Burnside ring of G, and let A be the Burnside ring G-functor. There
is a Green functor homomorphism A — RQ given levelwise by taking a finite G-set to the
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associated permutation representation. When G is a p-group, the Ritter—Segal theorem
[Ri,Seg2| says that A — RQ is surjective; we name its kernel J and deduce an isomorphism
A/J = RQ. The ideal J(G) admits a nice description as the ideal of A(G) generated by all
virtual G-sets X such that |X9| =0 for all g € G. The article [BGS| uses the notation A/J

throughout, but here we use the simpler notation RQ.

2.2. Equivariant homotopy theory. Let SpG denote the category of genuine equivariant
G-spectra. Examples include the G-equivariant sphere spectrum S¢ and the G-spectrum of
G-equivariant complex topological K-theory KUg.

The homotopy of genuine G-spectra is naturally Mackey-functor valued. For the primary
spectra in question in this paper, we have

1S¢ =A and 7,KUg = RU[B,A™Y with |3] = 2.

If £ and X are G-spectra, let LgX denote the Bousfield localization of X at E. In
particular, when F = S¢/p and X is any spectrum, this localization is the p-completion of
X, denoted by Xzf = Lg,/pX. If X is already a localization X = LgY, the localization of
X at Sg/p may be written

Lg,Y = Ls;/pLEY.
When E = Sg A HQ is the rational equivariant sphere, we obtain the rationalization of X,
denoted X ® Q := Ly, oaX.

The p-completion and the rationalization are related by a homotopy pullback square of
G-spectra, called the arithmetic fracture square. When X = Lky.Sq, this is the square:

LxvsS¢ — [1, Lrue,,Sc

l l (2.1)

Q® LrkvusSe — Q®]], Lkug,,Sa-

See [DFHH, Proposition 2.2 of Chapter 6] for a general version of the arithmetic square,
from which (2.1]) can be deduced. This is a useful tool for computing homotopy of G-spectra.

3. THE COKERNEL OF 1’ — 1 ACTING ON 7, KUg

Recall that for £ € Z the Adams operation ¢*: KUg(X) — KUg(X) is a ring homo-
morphism natural in the G-space X. In this section, we analyze 1) — 1 as a map on the
complex representation ring of G and on related objects. Recall the integer ¢
will always be assumed to be coprime to the order of G, and at times ¢ will furthermore be
assumed to be primitive modulo |G| = ¢/. The following is Exercise 9.4 of |Ser].

Lemma 3.1. The Adams operation ¥*: RU(G) — RU(G) permutes the basis of irreducible
representations if £ is coprime to |G|.

Proof. Recall that a class function x is the character of an irreducible representation if and
only if x(e) > 0 and (x,x) = 1. On a class function f, the Adams operation ¥* acts as
P (f)(g) = f(g"). Since ¢ is coprime to |G|, every element has an fth root, so that the fth
power determines a bijection on G. It follows that the Adams operation preserves the inner
product. O

Lemma 3.2. Suppose that ¢ is coprime to |G|. The Adams operation ¥* on RU is a
homomorphism of Green functors.
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Proof. The Adams operation ¢ is a levelwise ring homomorphism, and it is straightforward
that 1’ commutes with restriction. The main point is to show that ¢ commutes with
induction of representations. To see this, we can use the character map to embed RU into
the Green functor of class functions. As this is levelwise an injection, it suffices to see that
¥* commutes with induction for class functions. Here, the formula (see [Ser, Section 7.2] is

Inolﬁ(f)(g):l—;| S fa ).

v€G,
v~ lgyeH

As 4(f)(9) = f(g"), comparing the formula for ¢‘Ind§(f) at g with Ind§ (¢ f) at g, one
finds that they differ only in that the former sums over v~ g%y in H, whereas the latter sums

over Y 'gy in H. Since the /th power is a bijection on H, as in the proof of
the two sums are the same. O

We next consider the endomorphism ¢ — 1 on RU. This will later appear as the endo-
morphism ¢ — 1 on the nonnegative homotopy Mackey functors of KUg, whose Z-graded
homotopy Mackey functors are RU[B*!], with 3 in degree 2. Recall that ¢ acts on 47 as
multiplication by ¢¢ [A] Proposition 3.2.2].

Proposition 3.3. Suppose that £ is coprime to |G|. The Mackey functor homomorphism
Yt —1: RU{B?} — RU{B?} is injective for d > 0.

Proof. This proceeds as the proof of [BGS, Proposition 6.8]. It suffices to show that this
homomorphism is levelwise injective. By Y’ acts by permuting the basis of
irreducibles in RU(G). If S is the associated permutation matrix, then ¢* — 1 acts by
¢2S — I, where I is the identity matrix. To show that this matrix is injective as a linear
transformation, it suffices to show that it has a nonzero determinant.

If d > 0, this is a matrix with integer entries and det(¢?S — I) = (—1)™ (mod £), where
m is the number of rows of S. Therefore, det(¢4S — I) = al + (—1)™ for some a € Z (note
that £ > 2). In particular, it is nonzero. O

Remark 3.4. The statement of in the case d = 0 does not hold. Indeed,
[BGS, Proposition 6.7] identifies the kernel of 1) — 1 on RU(G) as RQ(G).

The result also holds for negative d, but there ¢ must be invertible in order to define
Yt on RU{B}. We therefore pass to g-completion, as this will be the case in which this
homomorphism is later considered.

Corollary 3.5. Suppose that £ is coprime to |G|. The Mackey functor homomorphism
Pl —1: M(/I\{Bd} — M;\{Bd} is injective for d # 0.

Proof. In the case that d is positive, this follows from [Proposition 3.9 by flat base change
along Z — Zj. For d < 0, we argue as in|Proposition 3.3} First, det(¢4S—1) = (¢4)" det(S—
¢=T), where r is the number of rows in the matrix. Now S —£~¢] is an integer matrix with
det(S — £7I) = det(S) (mod ¢). The permutation matrix S has nonzero determinant, so
(48 — T does as well. ]

Having considered the kernel, we now turn to the cokernel. In order to get a closed form

answer, we again pass to completions, first completing at ¢ in and then
completing away from ¢ in [Proposition 3.11}
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Notation 3.6. We will write cok{d} for the cokernel of 1* — 1: RU{p?} — RU{B%}. We
will also write cok){d} = cok{d} ® Z{, for the cokernel of ¢* — 1: RU,{B%} — RU,{B},
and similarly for the g-complete version. When d = 0, we sometimes drop the degree from
the notation and simply write cok or @;\.

Proposition 3.7. Let ¢ be primitive mod |G| = ¢/. The Mackey functor ﬂg{d} is given
at level G/H by:

(a) ford #0,
~ Z
@ @ Yy,
cyclic [C]
where the direct sum runs over conjugacy classes of cyclic subgroups C of H, ¢ is Fuler’s
totient function, and vq is the g-adic valuation. When |C| = q* with k # 0, then

v (1D — 1) = k + v, (d).
(b) for d=0,
A~ A
%q = @ Zq7
cyclic [C]
where the direct sum again Tuns over conjugacy classes of cyclic subgroups C of H.

The restriction and transfer in the cokernel are inherited from those in Mg\.

Proof. The cokernel is computed levelwise; at level G/H, we have
¢* —1: RU(H) {8} — RU(H) {5"}.
By the Adams operation 1/* permutes the basis of irreducibles of RU(H ), and it

continues to do so after flat base change along Z — Z{Z\. As in the proof of
1’ — 1 acts by a matrix £¢S — I, where S is a permutation matrix and I the identity matrix.
Reordering the basis of irreducibles if necessary, this becomes a block-diagonal matrix with
blocks
-1 v 1
-1 1

-1 1
¢d -1 it 1

which are equivalent to diagonal matrices as shown above, using a combination of row and
column operations, where ¢ is the number of rows in this block. When d # 0, each block
contributes a factor of Z)/(£% — 1) to the cokernel. When d = 0, each block contributes a
factor of Z.

It remains to count the number of blocks and their sizes. Each block corresponds to
a tp’-orbit of irreducibles in RU(H). Since RU(H) is a free Z-module of finite rank, we
may base change to C and view the resulting ring as a C[t)*]-module. Since the character
map C ® RU(H) — CI(H,C) is a map of C[t)*]-modules and C[] is a PID, it suffices to
understand the orbits of the 1¢ action on a basis for class functions. The Adams operation
acts on class functions by ¥¢(f)(g) = f(g*). Consider the basis of CI(H,C) given by the
indicator functions 1. Since £ is primitive mod |H|, two indicator functions 1jg and 1p;
are in the same t’-orbit if and only if g and h generate conjugate cyclic subgroups of H.
Hence, there are as many 1/‘-orbits as the number of conjugacy classes of cyclic subgroups of
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G. The size of an orbit is the number of generators for a cyclic subgroup; if C' is a nontrivial
cyclic subgroup of G with |C| = ¢*, this is ¢(¢*) = ¢* — ¢* " =¢*"1(¢ - 1).
Finally, we must understand
Y/ ~Z _
R e ey L e 1)

For this, we need to know the largest value r such that pdla=1a" ! = (mod ¢"). It helps
to work additively. There is an isomorphism of abelian groups (Z/q")* = Z/((q — 1)¢"~1).
Since ¢ is a generator of (Z/q¢")*, it maps to a generator of the right hand side. Since
dg* (¢ —1) =0 (mod (¢ — 1)¢" ') when r < k + v,(d), we have

k—1

v (04D 1) = k4 v, (d).

So if C'is a nontrivial cyclic subgroup of order ¢*, then the ¥*-orbit corresponding to the
conjugacy class of C' contributes a factor of

A ~ Z
pata-0at ) 1y = T ghva@)-
The trivial cyclic subgroup contributes Z) /(¢4 — 1) 2 Z/q" (-1, O

Remark 3.8. The formula for the cokernel of 1) — 1 in the case d = 0 holds integrally,
before passage to g-completion, as can be seen from the proof.

Levelwise, the formula for @(/1\ suggests that it is a quotient of (@)9 We show in
Example 3.9|that this Mackey functor is not a cyclic AqA—module.

Example 3.9. We calculate @;\ for G = Cg2. Recall the representation ring Green functor
RU:
g

y—1 1— Zy’
Zy

Here, y is the class of the Cj-representation where the generator acts on the complex plane
by a g-th root of unity, and z is the class of the C2-representation where the generator acts
by a primitive ¢? root of unity. Since these are one-dimensional complex representations,
the Adams operation takes y to y* and x to 2*. Hence, the Mackey functor homomorphism
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i’ — 1 takes the form

Zlal/(@7 — 1) —Z 2= g e — 1)
ol e i
Zf - 1) — L2 -

z) 0 Zy
RU) i RU;

At the C,-level, the quotient by the image of ¥ — 1 identifies all nontrivial represen-
tations because £ is primitive mod ¢. At the top level, the quotient places the nontrivial
representations into two classes: the class of x and the class of 9. Hence, the cokernel is:

Zp{l,x, 2}
10
1 0 1
0 q
(0 1 0)
g—1 0
Zp{l,y}
1
Zy
cokl

This Mackey functor is not free; it contains a copy of the Burnside Mackey functor generated
by the element 1 at the top level, and the quotient by this subfunctor has g-torsion.
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Example 3.10. Let G = Cy. Below we present the Mackey functors cok} {1} and cok} {2},
which are the cokernels of ¥¢ — 1 on RU5 {3} and RU%{3?}, respectively.

Z)3{x3} © 7,/9{x} Z/3{1,2°} & Z/19{92}
ORI I I
Z/3{y} Z/3{1,y}
()
0 Z/3
coky {1} coky {2}

In the case of completing at p different from ¢, it turns out that the cokernel of ¢* — 1
has a familiar form.

Proposition 3.11. Let £ be primitive mod |G| = ¢’ and let p be a prime different from q.
There is an isomorphism of G-Mackey functors

N ~
Mp = (i@)g

To prove this proposition, we make use of explicit formulas for the equivalence of cate-
gories [BGS| Proposition 7.6] (originally due to [GM}, Theorem A.9 and Proposition A.12]):

(Vi)
Mack(G)(p) —); @MOdZ(p)[WG(H)]- (3.12)
(H)

Here, Mack(G) ) is the localization of the category of G-Mackey functors at p, i.e. Mackey
functors valued in Z,)-modules rather than abelian groups. The sum on the right hand side
of this equivalence runs over all conjugacy classes of subgroups of G. The functor Vi sends
M € Mack(G)(y) to the quotient of M (G/H) by the subgroup generated by transfers from
all proper subgroups of H [BGS|, Proposition 7.10].

Proof of [Proposition 3.11. Under the equivalence of categories (RQ); maps to

Z, H cyclic,
0 otherwise

Vi (RQ)) — {

by [BGS| Proposition 7.11]. It suffices to show that @2 has isomorphic image under this
equivalence.

If H = Cyx is a cyclic subgroup of G, RU(Cyr ) = Zj) [] /(27" —1). The ideal of transfers
from proper subgroups is generated by transfers from Cgx-1; each such transfer is a multiple

c
of the cyclotomic polynomial ¢y () = trc"z_1 (1). Therefore,

Vo, (RUL) = Z.al /6 ().
See also |[TW|, Example 6.7].
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If H is not cyclic, there exists a surjection §: H — C; x Cy. In we will
show that ¢ € RU(C, x C,) lies in the image of transfers from proper subgroups. A double
coset, formula yields the commuting diagram

P ruc) +—~ P RUGC)

CSCyxCy CSCyxCy

[ [

RU(Cy x Cy) —— RU(H).

Since #* is a ring homomorphism, 6*(q) = ¢q. This shows that ¢ € RU(H) lies in the image
of transfers from proper subgroups. Since ¢ becomes a unit after p-completion, Vg (RU Q)
is the quotient of RU. ;\ (H) by the unit ideal and therefore vanishes. The rational version of
this statement appears, for example, in [T, Section 9].

We have seen that

ZQ [#]/pgr(x) H cyclic and [H| = q*,
0 otherwise,

Vi (RU,) :{

where ¢ () is the ¢*-th cyclotomic polynomial. Hence, it remains to determine the cokernel
of

yi-1
Zy ]/ dgr (x) —— Zp[x] /b (2) (3.13)
We may write Z)[x]/¢gr(z) = Z){x, z* 2°, ... ,x(q_l)qkfl}. The Adams operation

cyclically permutes the ¢ — 1 powers of 29" in this basis. Thus we may decompose
Zp|x]/pge(x) = A® B
as a Z [1*]-module, where
A ighTt .
A=Z{z"" [1<i<q—1}

and
B =Zy{«" | ¢"~1 does not divide n,1 <n < (¢ —1)¢*1}.

It then follows that the cokernel of ¢ — 1 on A gives Z]/g\. We claim that on B the cokernel
vanishes.

Primitivity of £ ensures that in RU(Cyx) = Z[z]/ (qu — 1), two monomials 2™ and x"2
are in the same 9‘-orbit if and only if n; and ns have the same g-adic valuation, where n,
and ny are both assumed to be less than ¢*. It then follows that in the cokernel of ¥ — 1
on RU(Cyx), the polynomial ¢gx(x) - 2™ is equivalent to ¢ - ™, so long as n is not divisible
by ¢*~!. Thus in the cokernel of ¥* — 1 on the quotient ring Z[x]/¢4x (), there is a relation
q-x"™ = 0 when n is not divisible by ¢*~!'. In particular, after completing at p, which is
different from g, it follows that 2™ vanishes in the cokernel of ¢* — 1 on Z[z]/¢ ().

Hence, @2 corresponds to ZQ supported on the cyclic subgroups, and under the equiv-
alence of categories, this is the same as (i@)g Since the equivalence preserves and
creates cokernels, we are done. O

Lemma 3.14. The ideal of RU(C, x C,) generated by transfers from proper subgroups
contains q.
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Proof. Let H = Cy; x C,. The representation ring of H is isomorphic as a commutative
ring to Z[z,y]/(x? — 1,y? — 1), where = and y are the classes of rotation representations of
the left and right factors, respectively. If K is the subgroup of H generated by an element
(v, 47) with i # 0, then

-1

el (1) = 3 (@y)".

0

)

>
Il

We claim that
g= Y tri(l) —trf (1) - trjf (1),
K<H

where L is the subgroup generated by (v, €) and R is the subgroup generated by (e, ). This
is a calculation. Recall that H has g + 1 distinct subgroups of order ¢: the subgroup R
generated by (e,7), and subgroups generated by elements (v,7) for j =0,1,...,q — 1.

> trp(1) =t (1) - trif (1)

K<H

Q
|
—

trf{%,yj»(l) +tr (1) — e (1) - trE (1)

QS
[
= o

I
(]

tfl () + (1) - (1= e (1))

j=0
q—1
— (1 + .Z'yj + .’1,‘2 2j + + xq—lyj(q—l)) +
7=0
(I+y+y?+...+y7 ) (—a—2?— .. =297}
q—1
=q+ (:l:yj + 2%y .+ xqflyj(q’l))
j=0
q—1
(zy* + 2%y" + ..+ 27Ty
k=0
= q.

The last equality follows by a reindexing, recalling that these equations live in the ring
Zlz,y)/(z? —1,y? — 1). O

Example 3.15. Let H = C3 x C3, and let L = ((v,¢)), C = ((7,7)), D = {(v,7?)), and
R = {(e, 7)) be its four subgroups of order 3. Consider the representation ring Green functor
for C5 x C3. In this Green functor, we have:

trif (1) =1+ z + 22
tra (1) = 1+ 2y + 2%y?
trB (1) = 1 4 2%y + 2?
tri (1) =14y +y?
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We can directly see that 3 is contained in the ideal of RU(H) generated by images of
transfers from proper subgroups of H:

Y (1) — g (1) - trg (1)
K<H
= (trf (1) + trg (1) + trd (1) + 05 (1)) — 0 (1) - trig (1)
=(14+z+2?)+(1+y+y>) + (1 +ay+2%°) + (1+ 2%y +y%2)
~(l+z+2®)(1+y+y?)
= A+z+y+2°+ay+y’+27y+ v’z +2%y°)
- (1 +z+2° +y+ayz’y +v° + v’z + y’2?)
=3.

4. THE HOMOTOPY MACKEY FUNCTORS OF Lky.Sa

Our strategy for understanding Lx . Sq is to use the fracture square . We begin by
describing the homotopy Mackey functors of the local factors Ly, /pSc, both in the case
p = g and p # ¢, using the work of [Section 3 With the local computations in hand, we
then use the long exact sequence

=0 Hﬂn-',-lLKUc/pSG — EnLKUGSG - r,Q® LKUGSG X HﬂnLKUc/pSG — ...
p p
(4.1)
arising from the fracture square (2.1)) to obtain the homotopy Mackey functors 7,, L k. Sc-
We will use the fact that the rationalization Q® L k1, S is the Eilenberg-Mac Lane spectrum
for the rational Mackey functor Q ® RQ [BGS| Lemma 9.1].

4.1. Local computations for p = ¢. In this section, we compute the homotopy Mackey
functors for Ly, /Sa. The key tool is the following.

Proposition 4.2 ([BGS| Propositions 5.3, 6.3]). If £ is primitive modulo |G|, then the
Adams operation *: (KUg), — (KUg), is a well-defined map of G-spectra that partici-
pates in a fiber sequence
Yi-1
LKUg/qSG — (KUg)(/; —_— (KUg)Z]\. (4.3)
Note that the fiber is independent of ¢ in the fiber sequence above.

Remark 4.4. The original proposition 5.3 in [BGS] contains the assumption that ¢ is
primitive mod |G|, but by [HiKo, Corollary 2.5, in order to show that 1/* extends to a map
of G-spectra, it suffices to assume that ¢ is coprime to |G| = ¢*. On the other hand, in

order to identify the fiber as the KUg /g-local equivariant sphere, the additional primitivity
assumption is required.

Since 7, KUg = RU[B,37!] with B in degree 2, the long exact sequence of homotopy
Mackey functors associated to the fiber sequence|(4.3)|splits into four-term exact sequences:

‘-1
0 —— EzdLKUG/qSG — M(/I\{ﬁd} L> Mg{ﬁd} — Egd_lLKUg/qSG — 0

Thus the homotopy Mackey functors of Ly, /qSg follow from the work of
immediately implies the following.

Corollary 4.5. Ford # 0, my,Lkvus/¢Sc = 0.
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The d = 0 case was previously computed:
Proposition 4.6. [BGS, Proposition 6.8] my Ly, /S = (RQ), .

Corollary 4.7. The Mackey functor myy_1 Lxue/qSc is
~ wé_l
Taa-1Licvg jqSc = coky {d} = coker (RUJ{8"} = RUJ{A"}).

This cokernel was computed in [Proposition 3.

Example 4.8. The Mackey functors cok; {1} and cok} {2} were computed for G = Cy in
According to these agree with the homotopy Mackey functors

1 Lrve, /35¢, and m3Lkue, 13Sc, -

4.2. Local computations for p # ¢q. Let p be a prime that does not divide |G| = ¢*. The
calculation of the nonzero p-local homotopy groups of Lky,.Se was done in [BGS|. For an
odd prime p, recall the homotopy groups of Lg/,S as originally calculated by Adams-Baird
|[Ad] and Ravenel [Ra] and described more recently in [Z, Equation 2.3.8]:

Z;} if n € {0,—1},
TnLiu/pS = Z/p?®F if n =2k —1and (p—1) | k,
0 otherwise.

For p = 2, the homotopy groups of Lk /oS are in |Z, Equation 2.3.13]:

Zy®Z/2 ifn=0,
/s ifn=-1,
L)Z)2¢Z/2 ifn=1 (mod38),
TnLky2S = o
72 ifn=0,2 (mod 8), and n # 0,
7)2v20+3 if = 4k — 1 and n # —1,
0 otherwise.

Proposition 4.9 (|BGS| Proposition 8.5]). Let p # q. There is an isomorphism of graded
Green functors

T Lxvs/pSc = RQ @ mi Ly pS.

The above is a complete description of the p-complete homotopy Mackey functors of
Lku,Sa, but [Proposition 3.11| then gives the following description in the case n = —1:

Corollary 4.10. For p # q, we have 1_ Ly, /pSc = RQ ® Zﬁ ~ @;\.

4.3. Local to global reassembly. Here we use the work of [Section 4.1 and [Section 4.2] in
combination with the long exact sequence , to deduce the homotopy Mackey functors
T, LrusSa. The case n = 0 was the focus of [BGS]. The cases n = —1 and n = —2 behave
quite differently from the rest, so we begin by considering the cases of n different from 0,
—1, or —2.

Proposition 4.11. Let n = 2k be different from 0 and —2. Then
TorlkveSe = RQ® mop LS = RQ® Z/2
for 2k =0,2 (mod 8). This Mackey functor vanishes otherwise.
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Proof. Fix 2k different from 0 and —2. By [Corollary 4.5 and [Proposition 4.9] we have that
for p any odd prime (including p = q), then my, (LKUG /pSg) vanishes. In the case of p = 2,
we have

Tor (Lxve2Sa)

~ JRQ®Z/2 2k=0,2 (mod 8),
1o else.

Similarly, we find that w1 Lxy,/pSc is nonzero (and levelwise finite) only for finitely
many primes p. It follows that Q ® Hp Tok+1LKUs/pSc vanishes. The result now follows

from (4.1)). O

In the case of n odd and different from —1, the answer is stated in terms of the cokernel
of ¢¥* — 1, where as usual £ is primitive modulo the order of G.

Proposition 4.12. Let 2k — 1 # —1. Then

Tor_1LxvsSe = RQ® WQk-lLKUS[é] @ cok {k}.
Proof. According to[Section 4.2] the homotopy Mackey functors of Ly, /,Sa are levelwise
finite in degrees 2k and 2k — 1. [Corollary 4.5| gives that m,, Lxy,/qSc vanishes, while
Corollary 4.7|identifies 7y, Lxu,/Se with cok) {d}. By [Proposition 3.7] this is levelwise

finite. O

‘We now turn our attention to the case n = —1.
Proposition 4.13. 7_,Lky,.Se = 0.

Proof. By|Proposition 3.7|(b) and|Corollary 4.7, the Mackey functor =_; L gy, /S is torsion-
free. The same is true of 7 _, Ly, /»Sa for p # q by It follows that the map

Hﬂ_lLKUG/pSG —Q® (H W_lLKUG/pSG>

P p
is injective. The long exact sequence (4.1)) then shows that #_; Lxy,S¢ is the cokernel of

Q® RQ x HEOLKUG/pSG —Q® (HWOLKUc/pSG> )
P P
which may be rewritten as

Qo Rge 26 RO s [[(RY) — Qe (Hw@m)-

It suffices to show that this is levelwise surjective. As the values of the Mackey functor RQ
are all free abelian groups of finite rank, the result follows from a

Lemma 4.14. Let B be a free abelian group of finite rank. Then the map

fr@eBe]][B —aQe (HB,?)
defined by
F(200) = 200 =ty

n
18 surjective.

Proof. Left to the reader. ]
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Finally, we deal with the case n = —2.

Proposition 4.15. ©_sLxy.S¢ = Q/Z ® cok.

Proof. By [Corollary 4.5 and [Section 4.2} the Mackey functors = 5Lk, /,Sa vanish for all
primes p. It follows from the long exact sequence (4.1) that 7_,Lku,Sqg is the cokernel of
the rationalization map

HﬂflLKUc;/pSG —O0® HlflLKUg/pSG
p 2

In other words, we have that

T_oLkusSe = Q/Z® HEALKUG/pSG
2

By [Corollary 4.7 and |[Corollary 4.10} this may be rewritten as

7 sLkusSe = Q/Z | [] ok
p

Each Mackey functor @;\ is (levelwise) p-local, so that according to [Lemma 4.16| we have

an isomorphism

Q/Z® H@Q %@(Qp/zp@)@”g@((@p/zp@@)

p p

1

PQ,/Z, | ® cok = Q/Z ® cok.
p

O

Lemma 4.16. Suppose for each prime p, A, is an abelian group such that all primes
different than p act invertibly on A,. Then

oz ([[4 ) 2P @z, © 4,).

p

Proof. This follows from the decomposition of Q/Z as @, Q,/Z, as r runs over primes,
the expression of Q,/Z, as colimy, Z/r*, and the fact that tensor product commutes with
colimits. O
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