Homotopy 2023
In Celebration of Paul Goerss

i
Ml

Hiking in the Alps:
Cp-fixed points of Lubin-Tate spectra

Doug Ravenel
University of Rochester

March 23, 2023

«0O0>» «F>» «=» «

it
it
N)
ye)
i)

Hiking in the Alps:
Cp-fixed points of

Lubin-Tate spectra

-
Doug Ravenel

Historical introduction
K(n) localization
Properties of Ep and G
Finding a root of unity
Group cohomology

The main theorem

A classical example
TMF atp = 3

Larger primes



Hiking in the Alps:
Cp-fixed points of

Lubin-Tate spectra

This is joint work with Mike Hill and Mike Hopkins.

Doug Ravenel

K(n) localization
Properties of Ep and G
Finding a root of unity
Group cohomology

The main theorem

A classical example
TMF atp = 3

Larger primes

v
i

22)CN(E



Hiking in the Alps:
Cp-fixed points of

Lubin-Tate spectra

This is joint work with Mike Hill and Mike Hopkins.

Doug Ravenel

K(n) localization

We were thinking about
this problem in 2007-8,

Properties of Ep and G
Finding a root of unity
Group cohomology

The main theorem

A classical example

TMF atp = 3

Larger primes

«O» «F»r <«

i
v
a

it

v

it

22)CN(E



Hiking in the Alps:

Historical introduction Cpfired poinis of

Lubin-Tate spectra

This is joint work with Mike Hill and Mike Hopkins.

T
Doug Ravenel

K(n) localization

We were thinking about
this problem in 2007-8,
but we got by
the Kervaire invariant.

Properties of Ep and G
Finding a root of unity

Group cohomology

o The main theorem
MOU nt Eve re St A classical example
TMF atp = 3

Larger primes

u]
o)
I
i
it




Hiking in the Alps:

Historical introduction Cpfised poinis of

Lubin-Tate spectra

This is joint work with Mike Hill and Mike Hopkins.

e 4
Doug Ravenel

K(n) localization

We were thinking about
this problem in 2007-8,
but we got by
the Kervaire invariant.

Properties of Ep and G
Finding a root of unity
Group cohomology

The main theorem

A classical example

TMF atp = 3
For several years after that we what we Larger primes
had proved about C, fixed points.

u]
o)

I

i
it
N)
ye)
i)



Hiking in the Alps:

Historical introduction Cpfised poinis of

Lubin-Tate spectra

This is joint work with Mike Hill and Mike Hopkins.

Doug Ravenel

K(n) localization

We were thinking about
this problem in 2007-8,
but we got by
the Kervaire invariant.

Properties of Ep and G
Finding a root of unity
Group cohomology

The main theorem

A classical example

TMF atp = 3
For several years after that we what we Larger primes
had proved about C, fixed points.

Fortunately Mark Behrens took
some careful notes for us.
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K(n) localization

A central object of study in chromatic homotopy theory is SK(n

the Bousfield localization of the sphere spectrum S° with
respect to the nth Morava K-theory K(n).

A theorem of Goerss-Hopkins-Miller identifies it as £/, the
homotopy fixed point set of the action of the nth extended
Morava stabilizer group G, on the nth Lubin-Tate spectrum Ej,
also known as Morava E-theory.

For any closed subgroup H C G, one also has a homotopy

fixed point spectrum Ej* under Sg .
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A central object of study in chromatic homotopy theory is SK(n

the Bousfield localization of the sphere spectrum S° with
respect to the nth Morava K-theory K(n).
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homotopy fixed point set of the action of the nth extended
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K(n) localization

A central object of study in chromatic homotopy theory is SK(n

the Bousfield localization of the sphere spectrum S° with
respect to the nth Morava K-theory K(n).

A theorem of Goerss-Hopkins-Miller identifies it as £/, the
homotopy fixed point set of the action of the nth extended
Morava stabilizer group G, on the nth Lubin-Tate spectrum Ej,
also known as Morava E-theory.

For any closed subgroup H C G, one also has a homotopy
fixed point spectrum Ej* under Si . Gn is known to have a
subgroup of order p when p — 1 divides n. Our goal is to study

E&Cfm for positive integers f.
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Properties of E, and G,

E, is a complex oriented 2-periodic E., (meaning strictly
commutative) ring spectrum. lts homotopy groups comprise
the graded ring

T En = W[y, . .. Up_4][u™"]"

where

o W denotes the Witt ring W(IF») of the field with p”
elements.
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e The power series variables u; each have degree 0.
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E, is a complex oriented 2-periodic E., (meaning strictly e
commutative) ring spectrum. lts homotopy groups comprise Doug Ravenel
the graded ring Hisorca mroducton
K(n) localization
7. En = Wt ...ty ][] ——
Finding a root of unity
w h ere Group cohomology
o W denotes the Witt ring W(IF») of the field with p” The main theorem
elements. This is a degree n extension of the ring Z, of el
p-adic integers that lifts F,» as a degree n extension of the HLFEESE
prime field Fp. farserprines

e The power series variables u; each have degree 0.
e The invertible variable u has degree —2.

e The symbol " at the end denotes completion with respect
to the maximal ideal I, = (p, uy, . .. Up_1).
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Properties of E, and G, (continued)

TEn = Wlu, ... Up_1][u=""
Here is an alternate description of this ring as a completed
localization of a graded polynomial ring.
o Let R, = Wixo, ..., Xp—1] with |xj| = —2.

o Invert & := xo - - - Xp_1, define u; := (Xo/X;) — 1 for
1<i<n-1,and u:=x§/(x1...Xa—1). Then we have

Ra[®*" = W(uy, ..., up_1][u™"].

o Let m be the kernel of the map R,[®*'] — Fp[u®]
sending each x; to u.
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Properties of E, and G, (continued)
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Here is an alternate description of this ring as a completed
localization of a graded polynomial ring.
o Let R, = Wixo, ..., Xp—1] with |xj| = —2.

o Invert & := xo - - - Xp_1, define u; := (Xo/X;) — 1 for
1<i<n-1,and u:=x§/(x1...Xa—1). Then we have

Ra[®*" = W(uy, ..., up_1][u™"].

o Let m be the kernel of the map R,[®*'] — Fp[u®]

sending each x; to u. Then complete with respect to m.
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Here is an alternate description of this ring as a completed
localization of a graded polynomial ring.
o Let R, = Wixo, ..., Xp—1] with |xj| = —2.

o Invert & := xo - - - Xp_1, define u; := (Xo/X;) — 1 for
1<i<n-1,and u:=x§/(x1...Xa—1). Then we have

Ra[®*" = W(uy, ..., up_1][u™"].

o Let m be the kernel of the map R,[®*'] — Fp[u®]

sending each x; to u. Then complete with respect to m.

The result is isomorphic to 7. Ep.
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Here is an alternate description of this ring as a completed
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o Let Ry = Wxo,. .., Xp—1] with |xj| = —2.

o Invert & := xo - - - Xp_1, define u; := (Xo/X;) — 1 for
1<i<n-1,and u:=x§/(x1...Xa—1). Then we have

Ra[®*" = W(uy, ..., up_1][u™"].

o Let m be the kernel of the map R,[®*'] — Fp[u®]

sending each x; to u. Then complete with respect to m.

The result is isomorphic to 7. Ep.
In short, we start with a graded polynomial local ring,
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Here is an alternate description of this ring as a completed
localization of a graded polynomial ring.
o Let Ry = Wxo,. .., Xp—1] with |xj| = —2.
o Invert & := xo - - - Xp_1, define u; := (Xo/X;) — 1 for
1<i<n-1,and u:=x§/(x1...Xa—1). Then we have

Ra[®*" = W(uy, ..., up_1][u™"].

o Let m be the kernel of the map R,[®*'] — Fp[u®]
sending each x; to u. Then complete with respect to m.
The result is isomorphic to 7. Ep.

In short, we start with a graded polynomial local ring, invert
each of its specified generators,
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Properties of E, and G, (continued)

T En = W[us, . .. Up_1][u=""
Here is an alternate description of this ring as a completed
localization of a graded polynomial ring.
o Let Ry = Wxo,. .., Xp—1] with |xj| = —2.
o Invert ® := xp - - - Xp_1, define u; := (Xo/X;) — 1 for
1<i<n-1,and u:=x§/(x1...Xa—1). Then we have

Ra[®*" = W(uy, ..., up_1][u™"].

o Let m be the kernel of the map R,[®*'] — Fp[u®]

sending each x; to u. Then complete with respect to m.
The result is isomorphic to 7. Ep.

In short, we start with a graded polynomial local ring, invert

each of its specified generators, and then complete at its
graded maximal ideal.
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Properties of E, and G, (continued)

T En = W[us, . .. Up_1][u=""
Here is an alternate description of this ring as a completed
localization of a graded polynomial ring.
o Let Ry = Wxo,. .., Xp—1] with |xj| = —2.
o Invert ® := xp - - - Xp_1, define u; := (Xo/X;) — 1 for
1<i<n-1,and u:=x§/(x1...Xa—1). Then we have

Ra[®*" = W(uy, ..., up_1][u™"].

o Let m be the kernel of the map R,[®*'] — Fp[u®]

sending each x; to u. Then complete with respect to m.
The result is isomorphic to 7. Ep.

In short, we start with a graded polynomial local ring, invert
each of its specified generators, and then complete at its
graded maximal ideal. We will come back to this later.
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Properties of E, and G, (continued)

The extended Morava stabilizer group G, is related to the
automorphism group S, of the Honda height n formal group law
Fn over Fpa. It is known that this group does does change if we
enlarge the field over which F, is defined.
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Properties of E, and G, (continued)

The extended Morava stabilizer group G, is related to the
automorphism group S, of the Honda height n formal group law
Fn over Fpa. It is known that this group does does change if we
enlarge the field over which F, is defined.

To describe G, we describe the endomorphism ring of Fp,
End(Fp).
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The extended Morava stabilizer group G, is related to the
automorphism group S, of the Honda height n formal group law
Fn over Fpa. It is known that this group does does change if we
enlarge the field over which F, is defined.

To describe G, we describe the endomorphism ring of Fp,
End(F,). The Frobenius automorphism, the pth power map of
Fpn,
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Properties of E, and G, (continued)

The extended Morava stabilizer group G, is related to the
automorphism group S, of the Honda height n formal group law
Fn over Fpa. It is known that this group does does change if we
enlarge the field over which F, is defined.

To describe G, we describe the endomorphism ring of Fj,
End(F,). The Frobenius automorphism, the pth power map of
IFpn, lifts to an ring automorphism of W which we denote by
w— we.
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Properties of E, and G, (continued)

The extended Morava stabilizer group G, is related to the
automorphism group S, of the Honda height n formal group law
Fn over Fpa. It is known that this group does does change if we
enlarge the field over which F, is defined.

To describe G, we describe the endomorphism ring of F,,
End(F,). The Frobenius automorphism, the pth power map of
IFpn, lifts to an ring automorphism of W which we denote by
w— we.

Theorem

End(F,) is the algebra obtained from W by adjoining a
noncommuting indeterminate F with F" = p and Fw = w°F for
weW.
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End(F,) is the algebra W {(F)) obtained from W by adjoining a

Doug Ravenel

noncommuting indeterminate F with F" = p and Fw = wF for | @ @ @ s
we W' K(n) localization
 Propertisof En and G,
. . Finding a root of unity
This algebra is a free module over W of rank n, and hence a oo cohomolons
free module over Z, of rank n?. An element of the form The matin thoorem
A classical example
e:eo+e1F+---+en_1F”“ with e; € W TMF atp = 3
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End(F,) is the algebra W {(F)) obtained from W by adjoining a Doug Ravenel
noncommuting indeterminate F with F" = p and Fw = wF for | @ @ @ s
weW.

K(n) localization

 Propertis of En and G
. . Finding a root of unity
This algebra is a free module over W of rank n, and hence a oo coomalogs
free module over Z, of rank n?. An element of the form

The main theorem
A classical example
e=e+eF+---+e,_1F"' witheje W

TMF atp = 3

Larger primes

is invertible if gy is a unit in W. They form a group under
multiplication. This is the automorphism group Aut(F,) of Fp,
commonly known as the nth Morava stabilizer group S.
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Properties of En, and G, (continued) G- pobs of

Lubin-Tate spectra

End(F,) is the algebra W{(F)) obtained from W by adjoining a Doug Ravenel
noncommuting indeterminate F with F" = p and Fw = w°F for
we W.

Historical introduction

K(n) localization

 Prperties of € and G
. . Finding a root of unity
This algebra is a free module over W of rank n, and hence a Gm:”hmlw
free module over Z, of rank n?. An element of the form The main theorem
1 A classical example
e=¢e +eF+---+e,_1F" with e; € W TMFatp = 3

Larger primes
is invertible if gg is a unit in W. They form a group under

multiplication. This is the automorphism group Aut(F,) of Fp,

commonly known as the nth Morava stabilizer group S,. G is

its extension by the Galois group

Gal(Fpn, Fp) & Gal(W, Zp) = C,.
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noncommuting indeterminate F with F" = p and Fw = w°F for """
weW.

K(n) localization

 Proprtes of En and G
Letw € W be a primitive (p” — 1)th root of unity, and let w € Fpn el
be its mod p reduction.
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noncommuting indeterminate F with F" = p and Fw = w° F for K('n) et
we W.  Properties of En and G
Let w € W be a primitive (p" — 1)th root of unity, and let w € Fpn ~ Mrmeemreion
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End(F,) is the algebra W((F)) obtained from W by adjoininga
noncommuting indeterminate F with F" = p and Fw = w° F for Z’-"D’l'w‘;_"w_dm"
w e W, (n) localization
Letw € W be a primi'[ive (pn i 1)th root of unity, andletw e Fpn Finding a root of unity
be its mod p reduction. Then the elements w and F in End(F;) S

. The main theorem
correspond to the endomorphisms Al ', ’
classical example
_ TMF atp = 3
x—wx and  x~—xP ,
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End(F,) is the algebra W{(F)) obtained from W by adjoining a N
noncommuting indeterminate F with F" = p and Fw = woF for """

Doug Ravenel

K(n) localization
 Proprtes of En and G
Letw € W be a primitive (p” — 1)th root of unity, and let @ € Fpn e
be its mod p reduction. Then the elements w and F in End(F;) :h’:"””_””:’””’”gy
correspond to the endomorphisms ey

we W.

A classical example
_ TMF atp = 3
x—wx and x> xP

Larger primes

of Fp.

Our algebra End(F,) is a complete discrete valuation ring in
which the valuation of Fis 1/n.
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Properties of E, and G, (continued)

Theorem

End(F,) is the algebra W{(F)) obtained from W by adjoining a
noncommuting indeterminate F with F" = p and Fw = w°F for
weW.

Let w € W be a primitive (p” — 1)th root of unity, and let @ € Fpn
be its mod p reduction. Then the elements w and F in End(F,)
correspond to the endomorphisms

X — WX and X — xP

of F.

Our algebra End(F,) is a complete discrete valuation ring in
which the valuation of F is 1/n. This valuation extends the
usual one on W, in which the valuation of pis 1.
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Historical introduction
AS W. K(n) localization
Properties of Ep and Gp,
Finding an element of order p in S, is equivalent to finding a *Findingaroo of iy
pth root of unity in End(F,). For this we will use the following -
facts about it.
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End(F,) is the algebra W((F)) obtained from W by adjoining a Rl
noncommuting indeterminate F with F" = p and Fw = w°F for

Historical introduction

AS W- K(n) localization

. . . . . . . Properties of Ep and G
Finding an element of order p in S, is equivalent to finding a *Findingaroo of iy
pth root of unity in End(F,). For this we will use the following Group colomology
facts about it. T

e End(F,) ® Qp is a division algebra D, with center Qp. ’:M’:Sm’:":"l
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End(F,) is the algebra W{((F)) obtained from W by adjoining a Rl

noncommuting indeterminate F with F" = p and Fw = W F for  iricat immduciion
weWw.

K(n) localization

Properties of Ep and G

Finding an element of order p in S, is equivalent to finding a

pth root of unity in End(F,). For this we will use the following W
facts about it. e

» End(F,) ® Qp is a division algebra D, with center Q,. ’;A;:Sm’:“:"l

e D, is known to contain every field K that is a finite Larger primes

extension of Q, whose degree divides n.
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Finding a pth root of unity

Theorem

End(F,) is the algebra W{((F)) obtained from W by adjoining a
noncommuting indeterminate F with F" = p and Fw = w°F for
we W.

Finding an element of order p in S, is equivalent to finding a
pth root of unity in End(F,,). For this we will use the following
facts about it.

e End(F,) ® Qp is a division algebra D, with center Q.

e D, is known to contain every field K that is a finite
extension of Q, whose degree divides n. The valuation we
have defined on Dj, restricts to the usual one on each such
K.
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Finding a pth root of unity

Theorem

End(F,) is the algebra W{((F)) obtained from W by adjoining a
noncommuting indeterminate F with F" = p and Fw = w°F for
we W.

Finding an element of order p in S, is equivalent to finding a
pth root of unity in End(F,,). For this we will use the following
facts about it.

e End(F,) ® Qp is a division algebra D, with center Q.

e D, is known to contain every field K that is a finite
extension of Q, whose degree divides n. The valuation we
have defined on Dj, restricts to the usual one on each such
K.

o The field L = Qp[¥/1] has degree p — 1,
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Finding a pth root of unity

Theorem

End(F,) is the algebra W{((F)) obtained from W by adjoining a
noncommuting indeterminate F with F" = p and Fw = w°F for
we W.

Finding an element of order p in S, is equivalent to finding a
pth root of unity in End(F,,). For this we will use the following
facts about it.
e End(F,) ® Qp is a division algebra D, with center Q.
e D, is known to contain every field K that is a finite
extension of Q, whose degree divides n. The valuation we

have defined on D, restricts to the usual one on each such
K.

o The field L = Qp[¥/1] has degree p — 1, and is thus
contained in D, iff p — 1 divides n.
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Finding a pth root of unity

Theorem

End(F,) is the algebra W{((F)) obtained from W by adjoining a
noncommuting indeterminate F with F" = p and Fw = w°F for
we W.

Finding an element of order p in S, is equivalent to finding a
pth root of unity in End(F,,). For this we will use the following
facts about it.

e End(F,) ® Qp is a division algebra D, with center Q.

e D, is known to contain every field K that is a finite
extension of Q, whose degree divides n. The valuation we
have defined on D, restricts to the usual one on each such
K.

o The field L = Qp[¥/1] has degree p — 1, and is thus
contained in D, iff p — 1 divides n. lts maximal ideal is
generated by an element 7 with valuation 1/(p — 1).
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End(F,,) is the algebra W ((F)) obtained from W by adjoining a  wwms
noncommuting indeterminate F with F" = p and Fw = w°F for
weWw.

Properties of Ep and G

| Finding a root of unity
. . . . . Group cohomology

The above discussion implies that for n = (p — 1)f for a positive .~

integer f, A classical example

TMF atp = 3
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K(n) localization
noncommuting indeterminate F with F" = p and Fw = w° F for
weWw.

Properties of Ep and G

 nding a oot of ity
The above discussion implies that for n = (p — 1)f for a positive ::;’;m:y
integer f, a primitive pth root of unity exists in the sub PV
W-algebra of End(F,) generated by F'. TME arp = 3
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Theorem

End(F,,) is the algebra W ((F)) obtained from W by adjoining a  wwms
noncommuting indeterminate F with F" = p and Fw = w? F for
we W.

Properties of Ep and G
Fnding a oot of iy
The above discussion implies that for n = (p — 1)f for a positive . e
integer f, a primitive pth root of unity exists in the sub
W-algebra of End(F,) generated by F'. It thus has the form

A classical example
TMF atp = 3

Larger primes

C=14+2z2F .. 42, o,FP D 4 pz, o withze W,
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End(F,,) is the algebra W ((F)) obtained from W by adjoining a  wwms
noncommuting indeterminate F with F" = p and Fw = w? F for
we W.

Properties of Ep and G
Fnding a oot of iy
The above discussion implies that for n = (p — 1)f for a positive . e
integer f, a primitive pth root of unity exists in the sub
W-algebra of End(F,) generated by F'. It thus has the form

A classical example
TMF atp = 3

Larger primes

C=14+2z2F .. 42, o,FP D 4 pz, o withze W,

where z; is a unit.
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End( Fn) IS the a/g ebra W < < F>> Ob talne d from W by a djO[n[ng a Historical introduction
noncommuting indeterminate F with F" = p and Fw = w? F for
weW.

K(n) localization

Properties of Ep and G

Finding aroo o unity
The above discussion implies that for n = (p — 1)f for a positive ::;’;m:y
integer f, a primitive pth root of unity exists in the sub PV
W-algebra of End(F,) generated by F'. It thus has the form TMF aip = 3
Larger primes

C=14+2z2F .. 42, o,FP D 4 pz, o withze W,

where z; is a unit. Recall that F(°-1)1 = p.
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End( Fn) IS the a/g ebra W < < F>> Ob talne d from W by a djO[n[ng a Historical introduction

noncommuting indeterminate F with F" = p and Fw = W7 F for . eies £y ana s
weW. g

The above discussion implies that for n = (p — 1)f for a positive o i
integer f, a primitive pth root of unity exists in the sub PV
W-algebra of End(F,) generated by F'. It thus has the form TMF aip = 3

Larger primes

K(n) localization

The main theorem

C=1+zF + 42, ,FP D L pz withz; e W,
P P

where z; is a unit. Recall that F®=" = p. There are many
such elements (.
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The main tool for computing the homotopy groups of the [T -
homotopy fixed point spectrum of E/C for a group G acting on K(n) ocaiization
a spectrum E is the homotopy fixed point spectral sequence Properties of En and Gn
Finding a root of unity
Ey' = HY (G mE) = m_sE"® G cohomelory

The main theorem
A classical example
TMF atp = 3
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The main tool for computing the homotopy groups of the [T -
homotopy fixed point spectrum of E/C for a group G acting on K(n) ocaiization
a spectrum E is the homotopy fixed point spectral sequence Properties of En and Gn
Finding a root of unity
Ey' = HY (G mE) = m_sE"® G cohomelory

The main theorem

Its use requires knowledge of the action of G on 7. E.

A classical example
TMF atp = 3
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Doug Ravenel
The main tool for computing the homotopy groups of the .
homotopy fixed point spectrum of E/C for a group G acting on K loalizaron
a spectrum E is the homotopy fixed point spectral sequence Properties of En and Gn
Finding a root of unity
Ey' = HY (G mE) = m_sE"® G cohomelory
The main theorem
Its use requires knowledge of the action of G on 7.E. In the A classical example
case of G acting on 7, E,, this is ‘ar from casy, TMFaip =3
Larger primes
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Group cohomology

The main tool for computing the homotopy groups of the
homotopy fixed point spectrum of E/C for a group G acting on
a spectrum E is the homotopy fixed point spectral sequence

E3' = H5(G:imE) = m_sEM

Its use requires knowledge of the action of G on 7, E. In the
case of G acting on 7. E, this is , despite the
identification of the above with the E,-term of the
Adams-Novikov spectral sequence.
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Lubin-Tate spectra
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Doug Ravenel
The main tool for computing the homotopy groups of the P .
homotopy fixed point spectrum of E/C for a group G acting on K(n) localization
a spectrum E is the homotopy fixed point spectral sequence Properties of En and Gn
Finding a root of unity
E3' = H5(G:imE) = m_sEM Group cohomology
The main theorem
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Adams-Novikov spectral sequence. It is more manageable
when we replace G by a subgroup of order p.
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We recall some facts about group cohomology for G = C,. For
a generator v € Cp, the integral group ring ZC,, is
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Z with the trivial C,-action.
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We recall some facts about group cohomology for G = C,. For
a generator v € Cp, the integral group ring ZC, is

Z[v]/(«P —1). The following is a minimal free ZC,-resolution of
Z with the trivial C,-action.
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Group cohomology (continued)

We recall some facts about group cohomology for G = C,. For
a generator v € Cp, the integral group ring ZC, is

Z[v]/(«P —1). The following is a minimal free ZC,-resolution of
Z with the trivial Cp—actign. ] 5

1—
Y_7C, <~ 17.C,<—17C,

0 /

where V is the augmentation defined by V() = 1,
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Group cohomology (continued)

We recall some facts about group cohomology for G = C,. For
a generator v € Cp, the integral group ring ZC, is

Z[v]/(«P —1). The following is a minimal free ZC,-resolution of
Z with the trivial Cp—actign. ] 5

1—
Y_7C, <~ 17.C,<—17C,

0 /

where V is the augmentation defined by V(7/) = 1, and
T=1+7v+---+~P "isthe trace.
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Group cohomology (continued)

We recall some facts about group cohomology for G = C,. For
a generator v € Cp, the integral group ring ZC, is

Z[v]/(«P —1). The following is a minimal free ZC,-resolution of
Z with the trivial Cp—actign. ] 5

1—
Y_7C, <~ 17.C,<—17C,

0 /

where V is the augmentation defined by V(7/) = 1, and
T=1+~+..-+~P"isthe trace.

Applying the functor Homgzc, (—, Zp) to this chain complex gives
the cochain complex

Z, 0

Lp Lp
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Group cohomology (continued)

We recall some facts about group cohomology for G = C,. For
a generator v € Cp, the integral group ring ZC, is

Z[v]/(«P —1). The following is a minimal free ZC,-resolution of
Z with the trivial Cp—actign. ] 5

1—
Y_7C, <~ 17.C,<—17C,

0 Z

where V is the augmentation defined by V(7/) = 1, and
T=1+~+..-+~P"isthe trace.

Applying the functor Homgzc, (—, Zp) to this chain complex gives
the cochain complex

Z, 0

Lp Lp

leading to the expected

. Zp fori=0
H'(Cp;Zp) = { Z/p fori>0even
0 otherwise.
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The cokernel of T, also the kernel of V, is the reduced regular
representation p.
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0 Z<-17.C,

=

1

2

ZCp, <~ —7.C,

The cokernel of T, also the kernel of V, is the reduced regular

representation p.

Similar computations give

H'(Cpi p) =

0

Z/p
0

fori=0
for i odd
otherwise.

«O» «F»r <«
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ZCp, <~ —7.C,

The cokernel of T, also the kernel of V, is the reduced regular
representation p.

Similar computations give

and

0

fori=0

H(Cp;p)=<{ Z/p foriodd

0

Hi(Gs2Cp) = {

Z
0

otherwise.

fori=0
otherwise.
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We will now describe 7. E, for n = (p — 1)f as a module over :
the group ring WC,, where W = W(Fp»). We will do this more Doug Ravenel
generally, replacing C, by any finite subgroup H of the R b
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The main theorem

We will now describe 7. E, for n = (p — 1)f as a module over
the group ring WC,, where W = W(Fp»). We will do this more
generally, replacing C, by any finite subgroup H of the
(nonextended) Morava stabilizer group Aut(F,) whose p-Sylow
subgroup is cyclic.
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The main theorem

We will now describe 7. E, for n = (p — 1)f as a module over
the group ring WC,, where W = W(Fp»). We will do this more
generally, replacing C, by any finite subgroup H of the
(nonextended) Morava stabilizer group Aut(F,) whose p-Sylow
subgroup is cyclic.

We saw earlier that 7, E,, is a completed localization of the
graded ring
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The main theorem

We will now describe 7. E, for n = (p — 1)f as a module over
the group ring WC,, where W = W(Fp»). We will do this more
generally, replacing C, by any finite subgroup H of the
(nonextended) Morava stabilizer group Aut(F,) whose p-Sylow
subgroup is cyclic.

We saw earlier that 7, E,, is a completed localization of the
graded ring

R, = Wixo, ..., Xn1] with |x;| = —2.
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The main theorem

We will now describe 7. E, for n = (p — 1)f as a module over
the group ring WC,, where W = W(Fp»). We will do this more
generally, replacing C, by any finite subgroup H of the
(nonextended) Morava stabilizer group Aut(F,) whose p-Sylow
subgroup is cyclic.

We saw earlier that 7, E,, is a completed localization of the
graded ring

R, = Wixo, ..., Xn1] with |x;| = —2.

Its component in degree —2 is a free W-module of rank n,
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The main theorem

We will now describe 7. E, for n = (p — 1)f as a module over
the group ring WC,, where W = W(Fp»). We will do this more
generally, replacing C, by any finite subgroup H of the
(nonextended) Morava stabilizer group Aut(F,) whose p-Sylow
subgroup is cyclic.

We saw earlier that 7, E,, is a completed localization of the
graded ring

R, = Wixo, ..., Xn1] with |x;| = —2.

Its component in degree —2 is a free W-module of rank n, as is
our endomorphism ring End(Fp).
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The main theorem

We will now describe 7. E, for n = (p — 1)f as a module over
the group ring WC,, where W = W(Fp»). We will do this more
generally, replacing C, by any finite subgroup H of the
(nonextended) Morava stabilizer group Aut(F,) whose p-Sylow
subgroup is cyclic.

We saw earlier that 7, E,, is a completed localization of the
graded ring

R, = Wixo, ..., Xn1] with |x;| = —2.

Its component in degree —2 is a free W-module of rank n, as is
our endomorphism ring End(F,). This isomorphism defines an
action of H on the degree -2 component of Rj,
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The main theorem

We will now describe 7. E, for n = (p — 1)f as a module over
the group ring WC,, where W = W(Fp»). We will do this more
generally, replacing C, by any finite subgroup H of the
(nonextended) Morava stabilizer group Aut(F,) whose p-Sylow
subgroup is cyclic.

We saw earlier that 7, E,, is a completed localization of the
graded ring

R, = Wixo, ..., Xn1] with |x;| = —2.

Its component in degree —2 is a free W-module of rank n, as is
our endomorphism ring End(F,). This isomorphism defines an
action of H on the degree -2 component of R, which extends
to an action on all of R, and its completed localization by
continuous ring homomorphisms.
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The main theorem (continued)

For the case H = Cp, R, is isomorphic as a WCp-algebra to

.‘N?,,:W[X,-,j:1§i§f,j€Z/p]/ ZX,‘JZ'ISI'SI‘
)
with |X,'7j| = -2.

For a generator v € C, we have vx;; = X; 11, and the trace
Tx; ; vanishes. It follows that the degree -2 component of R, is
the direct sum of f copies of p ® W. Thus R, is the symmetric
W-algebra

Symm, (ﬁ@f) .
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The main theorem (continued)

Ro=Wixj:1<i<fjez/pl/| Y xj:1<i<f
J€z/p
with |X,‘)j| =-2

= Symm,, (ﬁ@f) .

Even though the x; ;s are not linearly independent, we define

¢ = H H Xi j

1<i<f0<j<p
and complete R,['+1] with respect to the kernel @ of the map

Ro[®'F'] = Fpo[u™']  with x;j — uand yu = u.
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and complete R,['+1] with respect to the kernel @ of the map
Ro[®'F'] = Fpo[u™']  with x;j — uand yu = u.
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Rn = Rn[q)/i1]%.



ﬁn = ﬁn[¢/i1]%n

and
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Historical introduction

For n = (p — 1)f, the Lubin-Tate ring E, is isomorphic to R, as 7"

Properties of Ep and G
an algebra over W|[Cp)]. Fding oot
This means that H*(C,; E,) is closely related to %
H*(Cp; Symm,, (p®7)). That symmetric algebra is easy to

A classical example

describe modulo free summands over W[C,], which contribute
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For n = (p — 1)f, the Lubin-Tate ring E, is isomorphic to R, as ~ “ "’_““"’”’E"”" d@
an algebra over W[Cp]. Froperies e/ En S

Finding a root of unity

This means that H*(C,; E,) is closely related to Croup celiomolosy
H*(Cp; Symmyy, (57)). That symmetric algebra is easy to W
describe modulo free summands over W[C,], which contribute

TMF atp = 3
nothing to cohomology in positive degrees.
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R, = I~?,,[<D'i1]%n and R, =~ Symmy, <ﬁ®f> .
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_ Historical iniroduction

For n = (p — 1)f, the Lubin-Tate ring E, is isomorphic to R, as " e
an algebra over W[C,). provertes ol et S

Finding a root of unity

Group cohomology

This means that H*(C,; E,) is closely related to

H*(Cp; Symm,, (p®7)). That symmetric algebra is easy to _Admm,mmﬂe
describe modulo free summands over W[C,], which contribute -
nothing to cohomology in positive degrees. B
We know that
7, for¢=0modp
Symm‘(p)={ p for/=1modp
0 otherwise

and that p ® p = Z.
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e E; is the 2-adic completion of complex K-theory spectrum Doug Ravenel
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Historical introduction

e The group Gy is the group of 2-adic units, which is
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o For a generator v € C, (namely —1 € ZJ'), we have fnding arootofunis
,.)/(UI) = (_1 )IUI- Group cohomology
The main theorem

TMF atp = 3

K(n) localization

Larger primes

«O» «F» «

i
v
a

it

v

it

22)CN(E



A classical example: p =2 and n = 1

For p = 2,

e E; is the 2-adic completion of complex K-theory spectrum
K.

e The group Gy is the group of 2-adic units, which is
isomorphic to {£1} x Zo.

« For a generator v € C; (namely —1 € Z5), we have
(W) = (1)

« The homotopy fixed point spectrum E/'* is the 2-adic
completion of the the real K-theory spectrum KO.
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A classical example: p =2 and n = 1

For p = 2,

e E; is the 2-adic completion of complex K-theory spectrum
K.

e The group Gy is the group of 2-adic units, which is
isomorphic to {£1} x Zo.

« For a generator v € C; (namely —1 € Z5), we have
(W) = (1)

« The homotopy fixed point spectrum E/'* is the 2-adic
completion of the the real K-theory spectrum KO.

It follows that as ZC>-modules,
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A classical example: p =2 and n = 1

For p = 2,

e E; is the 2-adic completion of complex K-theory spectrum
K.

e The group Gy is the group of 2-adic units, which is
isomorphic to {£1} x Zo.

« For a generator v € C; (namely —1 € Z5), we have
(W) = (1)

« The homotopy fixed point spectrum E/'* is the 2-adic
completion of the the real K-theory spectrum KO.

It follows that as ZC>-modules,

E. — Zio for i even
T2iE1 = Zo®p foriodd
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A classical example: p =2 and n = 1

For p = 2,
e E; is the 2-adic completion of complex K-theory spectrum
K.

e The group Gy is the group of 2-adic units, which is
isomorphic to {£1} x Zo.

« For a generator v € C; (namely —1 € Z5), we have
(W) = (1)

« The homotopy fixed point spectrum E/'* is the 2-adic
completion of the the real K-theory spectrum KO.

It follows that as ZC>-modules,

E. — Zio for i even
T2iE1 = Zo®p foriodd

where 7 is isomorphic to the integers with the sign action.
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Hiking in the Alps:
Cp-fixed points of

Lubin-Tate spectra

As ZC>-modules,

Doug Ravenel

Historical introduction

Zio for i even K(n) localization
moiE1 = _ :
Zp,®p foriodd

Properties of Ep and G

Finding a root of unity

Group cohomology
It follows that the E,-term of the homotopy fixed point spectral R s
' Actasiatcampe
sequence is
TMF atp = 3
Zo  for s =0 and t divisible by 4 Larger primes

0] fors=0and t =2 mod 4
E3' = H5(Cy;mEs) ={ Z/2 fors >0, teven,

and s =t mod 2
(0] otherwise.
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Cp-fixed points of

Lubin-Tate spectra

6 ./ ° \./ . Doug Ravenel
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a A /* o / Historical introduction
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° ° ° ° K(n) localization
2 ./ ./ ./ ./ Properties of Ep and G
./ ./ ./ ./ Findi )

4 4 4 A Y inding a root of unity
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Group cohomology

The main theorem
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Historical introduction

/\ K(n) localization
/X Properties of Ep and Gy

Finding a root of unity
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Py

o N OB~ O

Group cohomology

The main theorem
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TMF atp = 3
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Cp-fixed points of
Lubin-Tate spectra

/\ \/ ° Doug Ravenel
/

/\ /\ / Historical introduction

/\ /\ K(n) localization

/\/\ /X/\ Properties of Ep and G

Finding a root of unity

o N OB~ O

Group cohomology

The main theorem

_8 _4 0 4 8 A classical exanple

TMF atp = 3
Larger primes
Squares and bullets denote copies of Z, and Z/2. The white
diagonal lines indicate multiplication by n € £}
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Hiking in the Alps:
Cp-fixed points of
Lubin-Tate spectra

././ /./K /\./\./ /./\ Doug Ravenel

° !
® [ ) S, 3
4 ° Va ° Va ° / I Va /\ . / Historical introduction
./ ./ ./ ./ K(n) localization
2 o o o N o Properties of En and Gy
/./ /./ /./ \\ /./ a Finding a root of unity
(0] [ O O O O Group cohomology
The main theorem
A classical xample
_8 _4 0 4 8 TMF atp = 3
. . Larger primes
Squares and bullets denote copies of Z, and Z/2. The white

diagonal lines indicate multiplication by n € £}

The indicated dss can be established by equivariant methods,
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Hiking in the Alps:

The homotopy fixed point spectral sequence for i poinis o

Lubin-Tate spectra

. KO

P

/ / / / Doug Ravenel

Historical introduction
/ / / / K(n) localization
Y Y 'Y 'Y Properties of Ep and G
® ) ) ® v Finding a root of unity

O O O | O Group cohomology

The main theorem

o NN~ O
o
[ )
°
o
o

A classical example
TMF atp = 3

Larger primes

Squares and bullets denote copies of Z, and Z/2. The white
diagonal lines indicate multiplication by n € £}

The indicated dss can be established by equivariant methods,
or by the requirement that the spectral sequence must
converge to the known value of 7, KO.
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Cp-fixed points of
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Here is the homotopy fixed point spectral sequence for E2hC3
with copies of WCs in 7, E; omitted.
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Hiking in the Alps:
Cp-fixed points of
Lubin-Tate spectra

Here is the homotopy fixed point spectral sequence for E§C3
with copies of WCs in 7, E; omitted.

Doug Raﬁenel
12

Historical introduction
K(n) localization
Properties of Ep and G
Finding a root of unity

Group cohomology

—
oM hO®Y

The main theorem

A classical example

[MFap=3
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Hiking in the Alps:
Cp-fixed points of

Lubin-Tate spectra

Here is the homotopy fixed point spectral sequence for E£C3
with copies of WCs in 7, E; omitted.

Doug Ravenel
12

Historical introduction
K(n) localization
Properties of Ep and G
Finding a root of unity

Group cohomology

—
oM hO®Y

The main theorem

A classical example

TMFap=3
_18 _12 _6 0 6 12 18 Larger primes

Squares and bullets denote copies of W(Fg) and Fg.
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TMF atp =3

Here is the homotopy fixed point spectral sequence for EZ”Ca
with copies of WCs in 7, E> omitted.

12

—
oM hO®Y

-18 -12 -6 0 6 12 18

Squares and bullets denote copies of W(Fy) and Fy. Green
and blue lines indicate multiplication by oy € E}*
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TMF atp =3

Here is the homotopy fixed point spectral sequence for EZ”Ca
with copies of WCs in 7, E> omitted.

12

—
oM hO®Y

-18 -12 -6 0 6 12 18

Squares and bullets denote copies of W(Fy) and Fy. Green
and blue lines indicate multiplication by a4 € Ej* and the
Massey product operation {1, oy, —).
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TMF atp =3

Here is the homotopy fixed point spectral sequence for EZ”Ca
with copies of WCs in 7, E> omitted.

12

—
oM hO®Y

-18 -12 -6 0 6 12 18

Squares and bullets denote copies of W(IFg) and Fg. Green
and blue lines indicate multiplication by a4 € Ej* and the
Massey product operation (a1, oy, —). The composite is
multiplication by 4 € E5'2.
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Lubin-Tate spectra
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8 //M:Z// : Mﬁ% R
6 '/,V ot M.% o o S Historical introduction
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Group cohomology

The main theorem
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Cp-fixed points of
Lubin-Tate spectra

12

Doug Ravenel

Historical introduction
K(n) localization

Properties of Ep and G

—
onv kO ®Y

Finding a root of unity
Group cohomology

The main theorem
-18 -12 -6 0 6 12 18

A classical example

MFap=3
This pattern of differentials is 18-periodic.
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Cp-fixed points of
Lubin-Tate spectra

Doug Ravenel

Historical introduction

K(n) localization

Properties of Ep and G

Finding a root of unity
Group cohomology
The main theorem
-18 —-12 -6 18 Attt
MFap=3
This pattern of differentials is 18-periodic. A comparable Larger primes
homotopy fixed point spectral sequence for TMF is 72-periodic.
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TMF at p = 3 (continued)

12

—
onv kO ®Y

-18 -12 -6 0 6 12 18

This pattern of differentials is 18-periodic. A comparable
homotopy fixed point spectral sequence for TMF is 72-periodic.
The picture above can be “spread out” by enlarging the group
Cs by adjoining the fourth roots of unity in W.
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TMF at p = 3 (continued)

12

—
onv kO ®Y

This pattern of differentials is 18-periodic. A comparable
homotopy fixed point spectral sequence for TMF is 72-periodic.
The picture above can be “spread out” by enlarging the group
C3 by adjoining the fourth roots of unity in W. Extending by the
Galois group converts each copy of W and Fg to Z3 and FFs.
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TMF at p = 3 (continued)

12

—
onv kO ®Y

This pattern of differentials is 18-periodic. A comparable
homotopy fixed point spectral sequence for TMF is 72-periodic.
The picture above can be “spread out” by enlarging the group
C3 by adjoining the fourth roots of unity in W. Extending by the
Galois group converts each copy of W and Fg to Z3 and FFs.
Thus we are extending Cs by Dg, the group dihedral group of
order 8 to get a group Gog.
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Lubin-Tate spectra

Doug Ravénel
In terms of the algebra End(f,) at p =3, letw € W be a
primitive 8th root of unity, and i = w?.
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Doug Rﬁenel
In terms of the algebra End(f,) at p =3, letw € W be a
primitive 8th root of unity, and i = w?. Then we have a cube Hiorcatndcton
rOOt Of unity K(n) localization
Properties of Ep and G
_1 _ UJF . . _1 + WF Finding a root of unity
f=—p — with i¢cim'=¢" = — R—
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A classical example
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Cp-fixed points of

Lubin-Tate spectra

Doug Rvenel
In terms of the algebra End(f,) at p =3, letw € W be a

primitive 8th root of unity, and / = w?. Then we have a cube
root of unity

Historical introduction
K(n) localization
Properties of Ep and G
_1 _ UJF . o _ _1 + UJF Finding a root of unity
= with i¢it=¢'=— "

5 Group cohomology

¢

The main theorem

Let ¢ € Gal(Fg : F3) be the Frobenius element.

A classical example
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Doug Rvenel
In terms of the algebra End(f,) at p =3, letw € W be a

primitive 8th root of unity, and i = w?. Then we have a cube Histerical introduction
root of unity

K(n) localization

Properties of Ep and G

_1 _ F . L. _1 F Finding a root of unity
C g —2 i Wlth ICI_1 = <_1 = —; w 5 Group cohomology
The main theorem
Let ¢ € Gal(Fg : F3) be the Frobenius element. Then w¢ S
commutes with ¢ and has order 4. T
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Hiking in the Alps:
Cp-fixed points of

Lubin-Tate spectra

Doug Ravenel
In terms of the algebra End(f,) at p =3, letw € W be a
primitive 8th root of unity, and i = w?. Then we have a cube Hiorcatndcton
rOOt Of Unity K(n) localization
Properties of Ep and G
_1 _ F . L. _1 F Finding a root of unity
¢ = Tw with i¢ci~'=¢ 1= % Group cohomology
The main theorem
Let ¢ € Gal(Fg : F3) be the Frobenius element. Then w¢ AdErtienig
commutes with ¢ and has order 4. The group (i, w¢) is _
isomorphic to Qs, farserprines
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Some group theory

In terms of the algebra End(f,) at p =3, letw € W be a
primitive 8th root of unity, and / = w?. Then we have a cube
root of unity

_ —1-wF
n 2

Let ¢ € Gal(Fq : F3) be the Frobenius element. Then w¢
commutes with ¢ and has order 4. The group (i, wo) is
isomorphic to Qg, and the group C; x Qg is the group Go4 of
Goerss-Henn-Mahowald-Rezk.

_ —1+wF

. . ._1_ _1
with i(i~'=¢ 5

¢
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This is the homotopy fixed point spectral sequence for £5,
which is TMFy2), also known as EQs.

Doug Ravenel
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. Hiking in the Alps:
TMF at p = 3 (continued) Cycdponser

Lubin-Tate spectra

This is the homotopy fixed point spectral sequence for £,
which is TMF ), also known as EQs.

| S

Doug Ravenel

/ Y / / y / y y
12 A . . . . . istoreal o
il Ld o ) . ° . [ istorical introduction

1 O o o 5 o o o o ./ K(n) localization

8 ps ) - J - ; be i - - ; ye - ) Properties of Ep and Gp
6 . ./‘ ./'l . e . .. e pZ Finding a root of unity
4 i . . - y _ y _ Group cohomology

2 - P - - y P e e The main theorem

0

O O O O O (] O O |j A classical example
TMF atp = 3

Larger primes
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TMF at p = 3 (continued)

This is the homotopy fixed point spectral sequence for £,

which is TMF ), also known as EQs.

12 o 4l o o J o

10

8 he he

6 o o o e o o | e .
4 ( . ( § ( .

2

0

—24 0 24 48 72 96 120 144

It is known that the following elements in the Adams-Novikov

E>-term have nontrivial images here.
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TMF at p = 3 (continued)

This is the homotopy fixed point spectral sequence for £,

which is TMF ), also known as EQs.

12

10
8
6
4
2
(0]

It is known that the following elements in the Adams-Novikov

L I:’. L D. ‘:l. L
—24 48 72 96 120 144 168

E>-term have nontrivial images here.

X

B

B33

Pa

Bs/3

Be.9, B7

Bo/3.2

B1o

1]

10

34

58

82

106

130

154
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For p > 3 one has an extension H of C, by C,_1)2, where a

generator of the quotient acts on C, by an automorphism of
order p — 1.
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Larger primes Fiearmabl

For p > 3 one has an extension H of Cp by C,_1y2, Wwhere a
generator of the quotient acts on C, by an automorphlsm of
order p — 1. This subgroup of S,_1 can be extended by the
Galois group C,_1 to give a maximal finite subgroup G C Gp_1
of order p( p— 1 )3. Historical introduction

K(n) localization

Doug Ravenel

Properties of Ep and G
Finding a root of unity
Group cohomology

The main theorem

A classical example
TMF atp = 3
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Lubin-Tate spectra

For p > 3 one has an extension H of C, by C,_1)2, where a
generator of the quotient acts on C, by an automorphism of
order p — 1. This subgroup of S,_4 can be extended by the Doug Ravenel
Galois group C,_1 to give a maximal finite subgroup G C Gp_1

of order p(p — 1)3. We define EQ, := Egg. Bl

K(n) localization
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Finding a root of unity
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Larger primes

For p > 3 one has an extension H of Cp by C,_1y2, Wwhere a
generator of the quotient acts on C, by an automorphism of
order p — 1. This subgroup of S,_1 can be extended by the
Galois group C,_1 to give a maximal finite subgroup G C Gp_1
of order p(p — 1)3. We define EO, := E]C,.

In the Ex-term of the resulting homotopy fixed point spectral
sequence we have
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Larger primes Fiearmabl

For p > 3 one has an extension H of Cp by C,_1y2, Wwhere a
generator of the quotient acts on C, by an automorphism of
order p — 1. This subgroup of S,_1 can be extended by the
Galois group C,_1 to give a maximal finite subgroup G C Gp_1
of order p(p — 1)3. We define EO, := E/C,. e

K(n) localization

Doug Ravenel

Properties of Ep and G

In the Ex-term of the resulting homotopy fixed point spectral
sequence we have

Finding a root of unity
Group cohomology
1,2p—2 2.20°—2p 0,2p(p—1)? The main theorem
QA € E2 ) /81 S E2 9 and A S E2 ) A classical example
TMFatp = 3
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Larger primes

For p > 3 one has an extension H of Cp by C,_1y2, Wwhere a
generator of the quotient acts on C, by an automorphism of
order p — 1. This subgroup of S,_1 can be extended by the
Galois group C,_1 to give a maximal finite subgroup G C Gp_1
of order p(p — 1)3. We define EO, := E/C,.

In the Ex-term of the resulting homotopy fixed point spectral
sequence we have
a1 € E}?P2 B e 2% and A e EQPPN
with
E> = E(oy) ® P(B1) ® P(ATY).
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Larger primes Lot specon

For p > 3 one has an extension H of Cp by C,_1y2, Wwhere a
generator of the quotient acts on C, by an automorphism of
order p — 1. This subgroup of S,_1 can be extended by the
Galois group C,_1 to give a maximal finite subgroup G C Gp_1
of order p(p — 1)3. We define EO, := E/C,. e

K(n) localization

Doug Ravenel

Properties of Ep and G

In the Ex-term of the resulting homotopy fixed point spectral
sequence we have

Finding a root of unity
Group cohomology
1,2p—2 2 20 —2p 0,2p(p—1)? The main theorem
QA € E2 ) /81 S E2 9 and A S E2 ) A classical example
. TMF atp = 3
Wlth Larger primes

Ez = E(a1) @ P(B1) ® P(AF).
Here are the dimensions of these elements for small primes.

p | laa] | [B4] | A
3 3 [ 10| 24
5| 7 | 38 | 160
7| 11 | 82 | 504
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Lubin-Tate spectra

In the homotopy fixed point spectral sequence for EO, we have

_ +1 -
E = E(a1) ® P(B1) ® P(A ) Doug Ravenel
with Historical introduction

a K(n) localization
= — 2p(p—1 .
i € E2172p 2, = E22,2p2 2/-77 and = Eg, p(p—1)° Properties of En and G
Finding a root of unity
Then there are differentials Group cohomology

2 The main theorem

1 — p—1)2+1

Gop_1A = a1 B° and  Oyp_1ppi1(agAPTT) = g

A classical example

TMF atp = 3
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Hiking in the Alps:

Larger primes (continued) e o of

Lubin-Tate spectra

In the homotopy fixed point spectral sequence for EO, we have

E> = E(av) ® P(B1) ® P(ATY).

Doug Ravenel

W | t h Historical introduction
2 a K(n) localization
a‘] E E21,2p727 /81 e E2272p 72p’ and A e E20’2p(p71) . Properties of Ep and G
Finding a root of unity
Then there are differentials Group cohomology
The main theorem
—1 =1l p_1 2+1 classical example
Oop—1A = a1 37 and Oy (g APTT) = 51( VAL At s
TMF atp = 3
From the Adams-Novikov E,-term for the sphere spectrum we LT

have

0 = Bqu/qu — (1 A(p/’1—1)/(p—1) forallj > 1,



Larger primes (continued)

In the homotopy fixed point spectral sequence for EO, we have

E> = E(ar) ® P(B1) ® P(AF).
with
ar € E}P2 B cE2% % and A Egﬁp(qu

Then there are differentials

1\2
de—1A - 04154)71 and dg(p,1)2+1 (O¢1Ap71) = [‘31('0 L) +1_

From the Adams-Novikov E,-term for the sphere spectrum we
have

0 = Bpfq/qu — (1 A(p/’1—1)/(p—1) forallj > 1,
and for p = 5 only, we have

vg — a1 B A% in dimension 685.
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Doug Ravenel

Historical introduction
K(n) localization
Properties of Ep and G
Finding a root of unity
Group cohomology

The main theorem

A classical example
TMF atp = 3

Larger primes
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THANK YOU

and have a wonderful retirement, Paul! —

Doug Ravenel

Historical introduction
K(n) localization
Properties of Ep and G
Finding a root of unity
Group cohomology
The main theorem
A classical example

TMF atp = 3
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