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Symmetric squaring

Introduction

What is meant by symmetric squaring?

Symmetric squaring is the operation of performing a squaring first and then dividing the result by a
symmetric map. More precisely, let X be a topological space and define the coordinate-flipping involution
T by

T: X xX—-XxX
(z,y) = (y, ).

Then the topological space X x X/7 is called the symmetric square of X and it will be denoted by X.
For pairs of topological spaces (X, A), the symmetric squaring is defined in an analogous manner as

(X, AP = (pr(X x X),pr(X x AUA X X UA)),

where pr: X x X — X x X/7 denotes the canonical projection and A := {(z,z)|z € X} C X x X denotes
the diagonal in X x X.

The diagonal is added to the subspace of (X, A)® for technical reasons. Especially if X is a smooth
manifold, it is necessary to cut the diagonal out or to at least work relative to it in homology. Since
the involution 7 leaves the diagonal fixed, the quotient by 7 does not have a canonical smooth structure
there. Outside the diagonal, however, there is a smooth structure which can and will be used to think of
X®\ pr(A) as a smooth manifold whenever X is a smooth manifold.

What is symmetric squaring good for?

In [SSST10] the symmetric squaring construction was introduced and used in the context of Cech homology
with Z,-coefficients and it was generalized to Cech homology with integer coefficients for even dimensions
in [Nak07]. For a proof of the generalized Borsuk Ulam theorem in [SSST10], a non-trivial homology class
has to be constructed. Symmetric squaring is a valuable tool for this purpose because it has the property
of mapping the fundamental class of a manifold to the Cech homology version of the fundamental class of
the symmetric square of the manifold.

The symmetric squaring as such is considered to be a construction of independent interest which is worth
to be examined in other contexts. Here the centre of consideration is the question how the symmetric
squaring induces well-defined maps in different settings as homology and bordism. It is ongoing work to
generalize the symmetric squaring to the latter.

Is there a connection between symmetric squaring in homology and in
bordism?

Ever since the concept of bordism was first introduced in [Thob4] there has also been known a natu-
ral transformation between bordism and homology. This transformation uses the existence of a unique
fundamental class. As was already mentioned, the symmetric squaring construction behaves well with
respect to fundamental classes. Putting these facts together it can be proven that the fundamental class
transformation between bordism and homology is compatible with the symmetric squaring. This means
that passing first from bordism to homology and performing the symmetric squaring then is the same map
as using the symmetric squaring first in bordism and passing to homology afterwards.

Symmetric squaring in bordism

Singular bordism
See [CF62] to learn more about singular bordism.

Definition 1 ((Un)oriented singular bordism) Let (X, A) be a topological pair. A smooth compact
oriented bounded n-manifold (M,0M) together with a map f: (M,0M) — (X, A) is called a singular
n-manifold in (X, A). Such a (M,0M; f) is said to bord iff there exists F': B — X which satisfies

e B is a compact oriented (n + 1)-manifold with boundary,

e 0B contains M as a regular submanifold whose orientation is induced by that on B,
o F restricted to M is equal to f and F(OB\ M) C A.

The oriented singular manifolds (My, 0Moy; fo) and (My,0My; f1) are called bordant iff the disjoint union
(Mo U =My, 0(My LW —My); fo U f1) bords. Unoriented bordism is defined similarly by dropping the ori-
entability assumptions. “Bordant” is an equivalence relation and the sets of equivalence classes are called

Q. (X, A) and N, (X, A) respectively.

Cech bordism and the symmetric squaring in bordism

The first idea to transport symmetric squaring to bordism surely is to just perform the symmetric squaring
on the manifolds itself. But the quotient by 7 lacks a canonical smooth structure on the diagonal. There
has to be found a way to remove the diagonal from the symmetric square, so that the result is a smooth
compact manifolds again. It is not desirable, however, to impose a wide range of choices of subtracting
the diagonal into our definition. The way out is to look at all such neighbourhoods at the same time:

Definition 2 (Cech bordism) Following the definition of Cech homology as an inverse limit of singu-
lar homology groups, Cech bordism is defined as a certain inverse limit of relative bordism groups. More
precisely, consider the neighbourhoods V- C Y of the subspace B C Y in a topological pair (Y, B) as a
quasi-ordered set ordered by inverse inclusion. Then the Cech bordism group of the pair (Y, B) is defined
to be the inverse limit of the relative bordism groups of (Y, V') over this quasi-ordered set. Here, this leads
to

Qu(X, A == lim {Qn(Xs,pr(X x AUAx XU U))} .
UDA

Definition 3 (symmetric squaring in bordism) Let (X, A) be a pair of topological spaces. The sym-
metric squaring in bordism is defined as

()% (X, A) = Qo (X, A))
(M, OM; f] > [M,OM; f1° = { [(M x MA\U) [r,0(=), ]  f/70| }

UoA

It is a rather technical but necessary step to restrict the above limit to those neighbourhoods U of the
diagonal that have a smooth compact bounded manifold M x M\ U as their complement. But it is possible
and does not change the above definition much.

Symmetric squaring in homology and results

Compatibility and Cech versions vs. ordinary versions

Definition 4 (symmetric squaring in homology) Denote the k-th singular chain group of the topo-
logical pair (X, A) by Cx(X, A,Z). Define

() Cu(X,A,Z) — Cop((X, A, Z) by

o= gioir o= > gigi(pr)iloi x o)),
=1 1<j
1<i,j<n

where x denotes the simplicial cross product and (pr™); is the chain map induced by the projection
pr: X x X — X x X/7.

This induces a symmetric squaring map in homology, so that symmetric squaring maps have been defined
in bordism and in homology now. It can be proven that these mappings are well-defined in many cases.
The map 7 being an orientation reversing map in odd dimensions limits considerations to even dimensions
while dealing with Z-coefficients or oriented manifolds respectively, since there is no canonical orientation
on the quotient by 7 in these cases.

Theorem 1 (symmetric squaring is well-defined) Definitions 4 and 3 give well-defined maps in all
dimensions k in unoriented (Cech) bordism and in (Cech) homology with Zs-coefficients as well as in all
even dimensions k in oriented (Cech) bordism and in (Cech) homology with Z-coefficients.

This well-defined map “maps fundamental classes to fundamental classes”:

Theorem 2 (behaviour with respect to fundamental classes) Let (B,0B) be a k-dimensional
compact smooth oriented manifold and let of € Hp(B,0B,Z) be its fundamental class. Then of €
H,,((B,0B)®) is the fundamental class of (B,0B)® in the following sense. For every neighbourhood U
of the diagonal in B x B, there is a fundamental class of € Ho (B x B)\ (0 (B x B)UU)) /7,0(-),Z)

which can be mapped by inclusion to i(of ) € Hyy, (Bs,pr(a(B x B)UU), Z). It is true that p(of) = i(al),

where p denotes the projection onto the factor of U in the inverse limit group Hayp((B,0B)).

Definition 5 (fundamental class transformation) A passage from bordism to homology can be de-
fined in the following way:
M Qk<X7 A) - Hk(X7 A7 Z)
(M, 0M; f] — (M, OM, f) := Hy(f) (o),

where o € Hi(M,0M,7Z) is the fundamental class and Hy(f) is the map which is induced by
f: (M, 0M) — (X, A) in homology. This map was first introduced in [Tho54].

Putting all given facts together, the following theorem results.

Theorem 3 (compatibility) Let k € N be even and (X, A) a topological pair. Then the diagram

Qk:(XuA) . Hk(X7A7Z)

(~)Sl (')Si

QQk((X7 A)S)

18 commutative.

Using Cech homology and bordism here has been important for the intuition and the proofs. But it can
be proven that in a lot of interesting cases, the ordinary groups are isomorphic. The statement concerning
homology in the following theorem has been shown in [Dol80], proposition 13.17.

Theorem 4 (isomorphy of singular and Cech versions) Let (X, A) be such that X is an ENR and
A C X is an ENR as well. Then

(X, A) ~ Q. (X,A) and

2,
H,(X,A) ~ H,(X,A 7).
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