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Abstract
The construction of Artin-Schreier classes plays an essential role in the construc-
tion of direct summands of higher bordism spectra such as MSU and M String®.
Making use of Chern classes and linear algebra techniques a suitable rational class
is constructed. It is shown that this class can also be represented by an associated
manifold.

3_
In the K (1)-local world at the prime p = 2, we take the fiber sequence S — KO S KO
and look at the homotopy long exact sequence

. 7'('050 — KOO 1/1_—} KOO — 7T,150 — ...

Since KOy = Zy are the 2-adic integers and 3 is a ring homomorphism, ¥® — 1 is the
zero map on KQy. Thus KOy — 7_1S? is injective and the image of 1 is a non-trivial
element ¢ € m_1S" = Z,. Now we are attaching a 0-cell along ¢ and take the homotopy
pushout in the category of F., spectra:

g1 44> g0 TS-1 <*> 0
l* lT* l
DY TD® =5 — 1Tt

This E spectrum T; will be an E, summand in MSU. For this

TS*l <4> SO

lT* l

T D SO*)TQ \

MSU

we have to show that ¢ € m_1 M SU vanishes. Considering the diagram

K0yS® ——— m_15°

| !

KOoMSU =3 KOMSU — 7, MSU



it is sufficient to find an element b € KOyM SU mapping to 1, because on the one hand
the element 1 € KOyS® maps to 1 € KOyMSU going to 0 € 7_yMSU due to the long
exact sequence, and on the other hand the element 1 € KOyS° maps to ¢ € 7_;.5°, which
has to vanish in 7_1 M SU because the diagram commutes.

Definition 1 An Artin-Schreier class is a class b € KOyMSU with ¢¥3b = b+ 1.

In the following part we construct such a class rationally and then give a construction of
an SU-manifold which realizes this class.

1 The image of MSU, — MU,

In M SU, every torsion is 2-torsion which is the kernel of M SU, — MU, concentrated in
dimensions 8k + 1 and 8k + 2 for £ > 0; in these cases M SUg1 = MSUg o is an Fy
vector space whose dimension is the number of partitions of k& (compare [CF66b]). Due
to a theorem by Thom, complex bordism is rationally represented by complex projective
spaces:

Theorem 1 (Thom)
MU, ® Q = Q[CP"|n > 1].

The obstruction for a U-manifold to be an SU-manifold is the first Chern class ¢; of the
tangent bundle. Hence a manifold M € M SU, is rationally a linear combination

M =A-CP'x CP' + B-CP? with c}[M]=0;

in the above notation we always mean their bordism classes and have omitted the brackets
for brevity. An example of an SU-manifold is the Kummer surface

K=K3=1{z¢€CPz + 2} + 25 + 25 = 0}

which is U-bordant to K3 ~p 18(CP")2 — 16CP?. Indeed MSU, = Z({K3) since the
Todd-genus (A-genus respectively) of an SU-manifold is even and Td(K3) = 2. It turns
out that we cannot construct an Artin-Schreier class out of a class in M SU, since we need
an SU-manifold with A = 1. Therefore we are interested in the image of M SUg — MUs.
Rationally this is a linear combination

M = A-CP*+ B-CP' x CP* + C - (CP*)*?* 4 D - (CP")** + E - (CP")*? x CP?;

requiring the first Chern class to vanish implies the conditions c}[M] = cic3[M] =
cics[M] = 0 in the Chern numbers. To express them as linear equations in the coef-
ficients we first have to calculate the total Chern classes of the complex projective spaces



and their products:

c(TCP*)
c(T(CP' x CP?))

c(1® TCP*) = ¢(5L%) = (1 +2)° = 1 + 5z + 102* 4+ 102° + 52
pric(TCPY) - pric(TCP?) = (14 21)*(1 + x5)*

= (14 2z)(1 + 4wy + 623 + 423)

= 1+ (221 +4x2) + (82129 + 623) + (122125 + 423) + Sx125
c(T(CP?* x CP?)) = pric(TCP?) - pric(TCP?) = (14 1)*(1 + x5)*

= (14 3z, +323)(1 + 3z + 323)

= 1+ (3zy + 322) + (327 + 9zy29 + 323) + (92325 + 92173 + 92723

(T(CPY) = (14 )31+ 2221 +2d)(1 +20)?

= (14 2z)(1 4 222)(1 + 2z3) (1 + 224)

14+ 2(zq + 2o + 23 + 24)

‘|‘4(£L‘1$2 + 13 + T1T4 + ToX3 + Loy + l’3$4)

+8(z129x3 + T1X2x4 + X237 + Toxsy) + 1621297314
o(T((CP")?2 x CP?) = (1+421)*(1 +22)*(1 +23)* = (1 + 221) (1 + 222)(1 + 3z3 + 323)
= 14 (221 + 229 + 3x3) + (dw129 + 62173 + 62073 + 3:10%)
+ (621235 + 62973 + 1221 7973) + 12712977
Now we calculate the Chern numbers (T M)[M], cics(TM)[M] and ciey(TM)[M] by
evaluating them on the complex projective spaces:
cH(TCPYH[CPY = (52)*[CP*] = 625
cH[CP' x CP?] = (21 + 4x,)*[CP' x CP?] = 512z,23[CP* x CP?] = 512
cl[CP? x CP?] = 3%z 4 22)*[CP? x CP?] = 4862223[CP? x CP*] = 486
AI(CPYY = 2%(zy + 29 + 3 + 24) *[(CP) Y
= 2" 4l 2 20w314[(CP' )] = 384
ci[(CPY)*% x CP?)] = (271 + 272 + 313)*[(CP')*? x CP?))
= 4327 2,73[(CP')*? x CP?)] = 432

]
]
]
]

gives the equation
ci[M] =0 = 625A + 5128 + 486C + 384D + 432F,
evaluation of ¢;c3(TM)[M]
cic3(TCPY[CPY] = 5z - 102°[CP*] = 50

c1c3[CPt x CP?] = (2xy + 4a5) (122,23 + 423)[CP! x CP?] = 561,25[CP! x CP?] = 56
c1c3[CP? x CP?] = (3zy + 329) (2% + 922wy + 92125 + 5) [CP? x CP?]
= 542223[CP? x CP?] = 54
c1c3[(CPYY = 16(zy 4 2o + o3 + 24) (010973 + D109y + 10374 + Towszy)[(CP)*Y]
= 64z 1297374 [(CP') 4] = 64
c1c3[(CPYY*2 x CP?)] = (221 + 2w + 333) (62103 + 62973 + 12317923)[(CP)*? x CP?)]

= 60z 2923[(CP)*? x CP?)] = 60
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gives the equation
c1c3[M] =0=50A+4 56B + 54C + 64D + 60F,
and evaluation of cico(TM)[M]|

Aey(TCPYH[CPY = (5x)? - 1022 [CP*] = 2502 [CP*] = 250
Aco[CP x CP?] = (2xy + 429)* (22 + 8zy29 + 622)[CP' x CP?]
= 2247,75[CP' x CP?] = 224
c2co[CP? x CP?] = (3zy + 372)%(32% + 97175 + 323) [CP? x CP?]
= 2162323[CP* x CP?] = 216
Aeo[(CPYY = 16(xy + 29 + 23 + 14)? ¥

(2179 + 7173 + D174 + ToT3 + Ty + 1374)[(CPH) Y]
= 19271297374 [(CP")*4] = 192
Aco[(CPY)? x CP?)] = (211 + 22 + 323)% x
(42179 + 62173 + 62973 + 322)[(CPH)*? x CP?))
= 204z, 2973[(CP")*2 x CP?)] = 204
gives the equation

2cy[M] = 0 = 250A + 224B + 216C + 192D + 204F.

Hence we consider the system of linear equations
ci[M]= 0= 625A + 512B + 486C + 384D + 432E
ces[M]= 0= 50A + 56B 4+ 54C + 64D + 60E
Aep[M]= 0= 250A + 224B + 216C + 192D + 204E

which is integrally equivalent to the following system of homogeneous linear equations:
0= 25A + 8B

0= + 4B + 16D + 9E
0= - 27C + 48D + 15E

The space of solutions is 2-dimensional. We know one solution K3 x K3, i.e. the square
of the Kummer surface, having the parameter representation
(A,B,C,D,E) = (0,0,256,324, —576)
or
K? = K3 x K3 ~y 256CP? x CP? + 324(CP")** — 576(CP')*? x CP>.
Another independent solution is given in parameter representation as (A, B,C, D, E) =
(8, —25,—12,—-23,52) or as
N := 8CP* — 25CP' x CP* — 12CP* x CP? — 23(CP')** + 52(CP")*? x CP?.
Hence we can rationally describe bordism classes of SU-manifolds under the injection
MSUs — MU;g via
M=k (K3)>+1-N
with &,/ € Q. In the next section we take the values (k,1) = (1,12) and study its K-

theory class under the map MU, — K,MU using Miscenkos formula which gives us an
Artin-Schreier class.



2 Formal group laws and Miscenkos formula

Formal group laws

In the following part we briefly recall the notions of the theory of formal group laws
which we use to construct the morphism MU, — K,MU. We restrict to commutative,
one-dimensional formal group laws.

Definition 2 Let R be a commutative ring with unit. A formal group law over R is a
power series F(x,y) € R]x,y] satisfying

1. F(z,0) =z = F(0,x)
2. F(z,y) = F(y,x)
3. F(z,F(y,z2)) = F(F(z,y),2).

These axioms correspond to the existence of a neutral element, commutativity and as-
sociativity in the group case. Obviously we can write F(z,y) =z +y + >, 5, a;;r'y’
with a;; = aj;, and in terms of the power series it is clear that there exists an inverse,
i.e. a formal power series ¢(z) € R[x] such that F(z,t(z)) = 0. Formal group laws are
naturally related to complex oriented theories in the following way: The Euler class of a
tensor product of line bundles defines a formal group law

é;(a:,y) =e(L1 ® Ly) € E*(CP* x CP*) = 1. Ex,y]
with z = e(L;) and y = e(Ly).

Example 1 The additive formal group law G,(x,y) = = + y arises as an orientation of
singular cohomology. The multiplicative formal group law G,,(z,y) = x+y—xy comes up
as an orientation of complex K-theory. In the following we will encounter the universal
formal group law F, via complex cobordism (MU -theory ).

Definition 3 Let F' and G be formal group laws. A homomorphism f : FF — G is a
power series f(x) € R]x] with constant term 0 such that f(F(z,y)) = G(f(x), f(y)). It
is an isomorphism if it is invertible, i.e. if f'(0) (the coefficient of x) is a unit in R, and
a strict isomorphism if f'(0) = 1. A strict isomorphism from F to the additive formal
group law G, is called a logarithm for F, denoted logp(x). Its inverse power series is
called exponential, denoted expp(x).

Example 2 Over a Q-algebra every formal group law is isomorphic to the additive formal
group law. Especially the logarithm of the universal formal group law is given by

[CP"] i
logyy(x) = Z ——a"
Tt 1

Proposition 2 If z1,x9 are two complex orientations for E*(—), then their associated
formal group laws Fy and Fy are isomorphic.



In the context of formal group laws let Fj;y denote the universal formal group law

Fyu(z,y) =x+y+ Z az'y’
ij>1

with the coefficients a;; € L in the Lazard ring with degree |a;;| =2 — 2(i + j). Let
Fr(z,y) = v +y+vzy

denote the multiplicative formal group law corresponding to the K-theory spectrum with
v the inverse Bott element with |v| = —2. Now we are going to construct a morphism

f: MU, - K,.MU

such that the induced formal group law

F Puu(@,y) = +y+ Y flag)a'y
ij>1
is the formal group law F twisted by the invertible power series
glw) = 3 bt
i>0

(with by = 1) defined by

IFk(,y) == 9(Fr(9~ ' (), 97 (1) = g(g~ () + 97 () +vg ' (x)g ' (v))

with ¢7(g(z)) = x the inverse function.

Boardman homomorphism

The element a;; € m(;4;—1) can be represented by a weakly almost complex manifold. To
ask for the (normal) characteristic numbers of this manifold is (essentially) equivalent to
asking for the image of a;; under the Hurewicz homomorphism

MU — H.MU.

We introduce the Boardman homomorphism, which is (slightly) more general than the
Hurewicz homomorphism. Let E be a (commutative) ring spectrum, then for any (space
or spectrum) Y we consider the map

Y=S'AY B EAY.
Composing a map X — Y with this map induces a homomorphism

B:[X,Y], > [X,EAY].

called the Boardman homomorphism. The Hurewicz homomorphism is recovered by set-
ting X = S® and F = H (the Eilenberg-MacLane spectrum representing singular homol-

ogy).



Since EAY is at least a module spectrum over the ring spectrum E, we may obtain infor-
mation about [X, EAY], = (EAY)"(X) from E,(X), for example there is a universal
coefficient theorem

(X, Y], b [X,E Y],

T

Hom,, g(E. X, E.Y)
where a(f) = f. : E.X — E.Y is the induced map in E-homology and p is defined by
(p(h))(k) = (h,k) € E.Y using the Kronecker pairing
(EANY)(X)® E.X — EY

with
1Ah pAl

h@k— (hk):S—EANX = EANEANY = EAY.

Miscenkos formula

We recall that power series of the form g(z) = x + by2* + by + ... are strict isomorphisms
g:F— F=g(F(g"'z.g7"y))

and want to give the explicit coefficients of the inverse power series ¢! (x) = Zizo et
We calculate the first coefficients taking everything modulo 2° and using the identity

v = g g(x) = g(x) + c19(x)” + c29(2)’ + cag(w) + cag(2)’ + ... ( mod 2°)
= x+ ba? + boa® + byxt + byx®
dcp (2% 4 20123 + (205 + b2t + (203 + 2b1by)2”)
+co(2® + 3byat + (3by + 3b7)2° + c3(a* + 4by12°) + ¢4

Comparing coeflicients gives the system of equations

c1+ by

= ¢y + 2bic; + by

= 3+ 3bicy + c1(2by + bT) + b3

= ¢4+ 4bics + ca(3by + 3b3) + ¢1(20b3 + 2b1by) + by

o o o o
|

resulting in

cT = —bl
Cy = Qb% — bg
C3 — —5bi’ + 5blb2 - b3

cy = 14b] — 21b%by + 6bibsg + 302 — by.

Applying the residue theorem of complex analysis proves the following (as done in [Ada74,
p. 65 Prop. (7.5)] ):



Proposition 3 Denoting the degree 2n-part of an inhomogeneous polynomial with a lower
index n we have

1 1
E bz —(n+1) d bn _ E ; —(n-i—l).
n+1(i>0 n an n+1(i>00)n

Cp =

1

Next we explicitly calculate 9Fy(z,y) = g(g 'z + g~y + vg twgly) :

IFg(z,y) = x+y-+ (v+2b)zy + (bv — 263 + 3by) (2%y + 7y?)

+(2uby — 20b7 + 4bs — 8byby + 4b3) (23y + x3?)

—f-(Ule — ?)Ub% —I— 2b§ — 6b1b2 —I— 61)[)2 —f- 6b3)l’2y2

+(50b — 8ubiby + 25b3by + 3ubz — 10b] — 14b1bs — 6b5 + 5by)
x(¢'y + zy?)

+(4vb? — 18vbyby — 4bT + 8bTby — 20702 + 3v°by — 3b3
—16bybs + 12vbs + 10by) x (2y* + 2%y°)

+ higher order terms.

This implies:

aj;p +— v+ 2

agy +— vby — 2b2 + 3by

az1 +— 2vby — 2vbf + 4bs — 8b1by + 4b§

agy +— v2by — 3ub] + 202 — 6byby + Guby + 6bs

ap > Hubt — Subiby + 25b3by + 3ubs — 10b] — 14byby — 6b3 + 5by

azy +  4vb? — 18vbyby — 4b] + 8biby — 20%bT + 3v?by — 3b3 — 16b,b3 + 12vbs + 10b,

Recall that the complex manifold CP" defines an element [CP"] € 7y, MU. The Hurewicz
homomorphism
MU — H.MU

tells us that the image of [CP"] in Hy, MU is (n + 1)c, since the formula (3, bi);("H)
gives the normal Chern numbers of CP". The most important formula for us will be
[CP"] = (n+ 1)c, = (Z ai;)y"
i>0

leading to

_ 3
= —a13 — a4 -+ 2&11&12

CP|
C]P2] = —a12 + afl
CP’]

]

Substituting these formulas we get

[N] = —1120b} + 3400b1by + 256b3by — 60vbs — 184b7 + 40b; b3
+12b3 — 40by + 48vby + 58v%bT + 22v°,
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and

1
Z[K?)z] = vt 240°b; + 1200267 + 480%by — 288vb3 + 448ub, by
+144b7 — 576b7 + 576b3.
Defining
1
M = ZK32 + 12N
we get

[M] = v*+16- (180°b; + 510262 4 390?by — 10207 + 283vb, by
—45vby — 12951 + 30b1b3 + 156b7by + 45b5 — 30b,).

3 Construction of an SU-manifold with A = 1

To split off the spectrum 7, from MSU one essentially uses the existence of an Artin-
Schreier class b € KOyM SU satisfying 13b = b+ 1. Via Miscenkos formula we have seen
that such a class can be constructed with the logarithm construction if there is a Bott

manifold whose associated K-theory class is congruent to v* modulo 16. Essentially we
have to find a Bott manifold in SU bordism, i.e. an SU-manifold M with A([M]) =1
giving a periodicity element in M SU..

Main idea

The Hopf bundle o : ST — S* with fiber S* = SU(2) on the one hand admits an
SU structure and on the other hand generates I'm(.J); = QI = 7t = 7,/240. Since
Td(D(c)) = 1/240 and since 240[c] = 0 in Q" implies the existence of a framed manifold
R® with OR® = —2400, we define

B = 240D(0’) U2400 RS

which serves as the desired Bott manifold, i.e. Td(B) = A(B) = 1.

Sp(1)-principal bundles over S*
With the identifications Sp(1) & SU(2) = S% and Sp(2)/Sp(1) = ST and

Sp(2)
Sp(1) x Sp(1)

we take the canonical Sp(1)-principal bundle over S*

~ [P >~ g4

Sp(1) =2 83 — g7

!

54



i.e. the bundle whose associated line bundle
FE = 57 XSp(l) Hl — 54

satisfies (co(E), [S*]) = 1. We know that every G-principal bundle is given as the pullback
of the universal G-principal bundle via the classifying map

f*EG — EG

| !

5~ Ba.

In other words the functor G-Pb(—) is representable by BG and
[B, BG] = G-Pb(B) via f — f*EG.
In the case of Sp(1)-principal bundles over S* we get
18", BSp(1)] = [25%, BSp(1)] 2[5, QBSp(1)] = [$°, Sp(1)] = [S%, 5% = .
The canonical Sp(1)-principal bundle over S* is associated to 1 € Z. We see that the disk

bundle @ := D(FE) with 7 : @ — S* has as boundary 9Q = dD(E) = S(F) the original
principal bundle.

Splitting of the tangent bundle T'Q)

In general for a smooth vector bundle £ : E — M the total space E is again a smooth
manifold. Now we are interested in the structure of the tangential bundle T'E. There are
two induced bundles, namely the induced tangential bundle and that of the total space:

ETM — FE &FE — F
L L
™ — M and E—M

These already give an isomorphism
TE=ZEETM & EE.

Such a splitting of a tangent bundle is geometrically called a connection. With the
notation of above restricting the tangent bundle of the vector bundle to the disk bundle
we get the splitting

TQ = 1*E @ n*TS*;

note that the second summand is stably trivial.

10



The Hopf bundle is an SU manifold

The Hopf bundle o : S — S* with fiber S* = SU(2) is not only an SU(2)-bundle but
also an SU manifold. A manifold M has an SU structure if its stable tangent bundle T'M
is a complex vector bundle with a trivialization of its determinant bundle det(T'M) = 1¢.

D(U) B )\taut — >\taut

! | |

54 —— BSU — BU.

From the splitting above we see the SU structure, since the 8-dimensional bundle splits
into two 4-dimensional bundles and T'S* is stably trivial and E is chosen to have vanish-
ing c;.

Evaluation of the Todd genus
We recall Td = ¢“1/2A and see that for SU manifolds the Todd-genus and the A—genus
coincide. From [Hi56] the degree 8-term of the Todd genus is given in Chern classes by:

T, —cy + c3c1 + 3¢+ dep? — ).

= 720"
For the evaluation the Chern classes ¢; and ¢4 do not contribute, due to the SU structure
and since () is a homotopy 4-sphere, respectively. Next we emphasize that while for closed
stably almost complex manifolds the Todd genus maps to the integers; the situation for
(U, fr) manifolds is different. A (U, fr) manifold M™ is a differentiable manifold M with a
given complex structure on its stable tangent bundle 7'M and a given compatible framing
of T'M restricted to the boundary OM. Their Chern numbers depend only on the bordism
classes in QU™ and hence we have a Todd genus

Td: QQU,’LfT — Q.

Moreover there is a commutative diagram

0— Qf — Q) — Qff | — 0
le le lec
0 A Q Q/Z — 0

where ec is the Adams e-invariant. This is worked out in [CF66a]. As done on page 95
of [CF66a] we can now evaluate the Todd genus

(TA(TQ).[Q.0Q) = (—3E(E).[Q.0Q)) = ——(A(E), [Q.0Q))

720 240
_ gy L

11



Remark on the relation to K-theory

In modern formulation the Todd genus is associated to the multiplicative formal group
law and therefore to K-theory. Let P(x) be a power series with 1 as constant coefficient.

Its logarithm ¢ is given by
x

P(z)
Complex oriented cohomology theories always come with a formal group law F'(x, y) which
can be expressed as

g (x) =

F(z,y) =g~ (9(x) + 9(y)).
For the Todd genus we have P(z) = =% implying y = g~ '(x) = 1 — e~ *. This gives us
g(x) = —In(1 — x) and thus

F(z,y) = 1—exp/—(—In(1 —z)—In(1 —y))]
= 1—exp(ln(l —z)+In(1—1y))
= 1-(1-2)(1-y)=2+y—uay,

which is the multiplicative formal group law coming from complex K-theory.

Definition of the Bott manifold

Since 0Q = S7 is framed and [0Q] € Q" = 72 =2 7,/240 we have 240[0Q] = 0, i.e. there
exists a framed manifold R® with OR® = —2400Q. We define a Bott-manifold by

B = 240Q U090 R®
and see that indeed A(B) = Td(B) = 240Td(Q) + 0 = 1.

4 Construction of an Artin-Schreier class

Having a Bott manifold with associated K-theory class congruent to v* modulo 16 we can
use the power series of the logarithm

0 ot
log(1 = -1
ou(1-+0) = D1
to define
_ log(IM))
log(34)
Proposition 4 The class b is an Artin-Schreier class.
Proof:

o — Jos((M]/3Y) _ log([M]) , log(3")
log(3*) log(34)  log(3%)
Here the stable Adams operation ¢* : K — K is defined levelwise by il_: - Ky — Koy

with U* being the unstable Adams operation. Inverting powers of k € Z5 is not a problem
since everything is 2-completed. [

=b+ 1.
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5 Construction of an E,, map 1y — MSU

3_
The fiber sequence X — KO A X "=} KO A X induces the unit map moKO — 7_15°
mapping 1 — (. Now we define 7 to be the homotopy pushout in the category of
K(1)-local E4 ring spectra:

TS 5 Ty = §0

ls |

g0 —— T,

with T'X the free E, spectrum generated by the pointed space X. As the Hurewicz image
of € m_1MSU is zero we get a map T, — MSU:

6 Split map - direct summand argument

To get T as a direct summand, one has to construct a split p such that the composition
T, 5 MSU % T,
is the identity. This can be done using the Spin splitting of Laures [Lau03]
T
ot \
Te NN;2, TS® «+— MSpin
and showing that the extended triangle commutes

MSU
h

TC/ g
SN

Te ANN;2, TS® +— MSpin

13



6.1 Comparison of the Artin-Schreier classes

The SU Artin-Schreier class constructed above is naturally also a Spin Artin-Schreier
class. Refering to [Lau02] we have

Lemma 5 Let b and V' be two Artin-Schreier elements of moKO N M Spin. Then there is
an By self homotopy equivalence k of M Spin which carries b to b/,

Proof: The short exact sequence

0 — moM Spin — g KO N M Spin vt oI KO N M Spin — 0

with (¢3—1)b = (¢*—1)b' = 1 tells us that b and ¥/ can only differ by a class a € myM Spin.
Let k be the Ey, map of

M Spin =T, A /\TSO

which is the identity on each T'S? and restricts to

t+ad : Co — MSpin

on T¢. Then its inverse is defined in the same way with a replaced by —a.l]

With the notations 7Y and TCS P for the E., spectra we get from the different Artin-
Schreier classes, we have the following diagram with E., maps:

TSV L MSU

[

Spin

TC \
(id,*,*,...)_{\ lL -

Te NN;2, TS® «+— MSpin

References

[Ada74] J. F. Adams, Stable Homotopy and Generalized Homology, Chicago Lectures
in Mathematics, 1974.

[AdaT78] J. F. Adams, Infinite Loop Spaces, Annals of Mathematics Studies 90, Prince-
ton University Press, 1978.

[ABP66] D.W. Anderson, E.H. Brown and F.P. Peterson, SU-cobordism, KO-
characteristic numbers, and the Kervaire invariant, Ann. of Math. (2) 83
1966 54-67.

[Ati66] M.F. Atiyah, Power operations in K-theory, Quart. J. Math. Oxford Ser. (2)

17, p. 165-193, 1966.

14



[Bot69]
[Botv]

[CF66a]

[CF66b)]

[EKMMO7]

[HBJ92]

[Hi56]

[Hop94]

[Hop96]
(Hop9s)]
[Ho97]

[HSS00]

[Ko82b)]

(K093

[Lau01]

[Lau02]

[Lau03]

R. Bott, Lectures on K(X), 1969.

B. I. Botvinnik, The Structure of the Ring M SU,, Math. USSR Sbornik Vol.
69 (1991), No. 2.

P.E. Conner, E.E. Floyd, The Relation of Cobordism to K-Theories, LNM
28, 1966.

P.E. Conner, E.E. Floyd, Torsion in SU-Bordism, Memoirs of the AMS Num-
ber 60, 1966.

A.D. Elmendorf, I. Kriz, M.A. Mandell and J.P. May, Rings, Modules and
Algebras in Stable Homotopy Theory. With an appendix by M. Cole, Math.
Surveys Monogr. vol. 47, AMS 1997.

Friedrich Hirzebruch, Thomas Berger and Rainer Jung, Manifolds and mod-
ular forms, 1992.

Friedrich Hirzebruch, Neue topologische Methoden in der algebraischen Ge-
ometrie, Ergebnisse der Mathematik und ihrer Grenzgebiete (N.F.), Heft 9.
Springer-Verlag, Berlin-Gttingen-Heidelberg, 1956.

Michael J. Hopkins, Topological Modular Forms, the Witten Genus and the
Theorem of the Cube, Proceedings of the International Congress of Mathe-
matics, 1994.

Michael J. Hopkins, Course notes for elliptic cohomology, 1996.
Michael J. Hopkins, K(1)-local E, ring spectra, 1998.

Mark Hovey, v,-elements in ring spectra and applications to bordism theory,
Duke Mathematical Journal, Vol. 88 No. 2, 1997.

Mark Hovey, Brooke Shipley and Jeff Smith, Symmetric spectra, J. Amer.
Math. Soc. 13 (2000), no. 1, 149-208.

Stanley O. Kochman, Polynomial generators for H,(BSU) and H.(BSO;Z,),
Proc. Amer. Math. Soc. 84 (1982), 149-154.

Stanley O. Kochman, The Ring Structure of BoP,, Contemp. Math. 146,
1993.

Gerd Laures: An FE.-splitting of spin bordism with applications to real K-
theory and topological modular forms, Habilitationsschrift Mai 2001, Uni-
versitat Heidelberg, 106 pages.

Gerd Laures, Characteristic numbers from 2-stuctures on formal groups, J.
Pure Appl. Algebra 172 (2002), pp. 239-256.

Gerd Laures, An F, splitting of spin bordism, American Journal of Mathe-
matics 125 (2003), pp. 977-1027.

15



[Lau04]

[Li64]

[Mi94]

[Mit93]

[Pen82]

[Rav84]

[Re97]

[Sch74]

[Sch08]

[Swi75]

Gerd Laures, K (1)-local topological modular forms, Inventiones mathemati-
cae 157, pp. 371-403 (2004).

Arunas Liulevicius, Notes on Homotopy of Thom Spectra, Amer. J. Math.
86 (1964), p. 1-16.

Haynes Miller, Notes on Cobordism, MIT lecture notes typed by Dan Chris-
tensen and Gerd Laures, 1994.

Stephen A. Mitchell, On p-adic topological K-theory, Algebraic K-theory and
Algebraic Topology (P. G. Goerss and J. F. Jardine, eds.), Kluwer, Dordrecht,
1993, pp. 107-204.

David J. Pengelley, The Homotopy Type of MSU, American Journal of Math-
ematics 104 (1982) no. 5, pp. 1101-1123.

Douglas C. Ravenel, Localization with Respect to Certain Periodic Homology
Theories, American Journal of Mathematics 106, pp. 351-414.

Charles Rezk, Notes on the Hopkins-Miller Theorem, Homotopy Theory via
Algebraic Geometry and Group Representations (Proceedings of the 1997
Northwestern conference).

Stephen J. Schiffman, Ext p-completion in the homotopy category, Disserta-
tion, Dartmouth College, New Hampshire (USA), 1974.

Stefan Schwede, On the homotopy groups of symmetric spectra, Geom.
Topol. 12 (2008), no. 3, 1313-1344.

Robert M. Switzer, Algebraic Topology - Homology and Homotopy, Springer
Reprint of 1975.

16



