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Z(M) =
1

#Γ
·

∑
Φ∈hom(π1(M),Γ)

〈F (Φ)∗[ω], [M ]〉,

Ù¥F (Φ) : M → BΓ´p�Φ�ëYN�, ÙÓÔa��, 〈−,−〉´
�éH3(M ;U(1))×H3(M ;Z)→ U(1) ⊂ C.
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Given two oriented closed 3-manifolds M , N and an integer k,

does there exist a continuous mapping f : M → N with deg f = k?

This problem has been studied for nearly 30 years, with still many

unknowns. When N = S3/Γ where Γ is a finite group acting freely

on S3, a complete answer can be given by Dijkgraaf-Witten invariant,

which arises from topological quantum field theory.

Fix [ω] ∈ H3(BΓ;U(1)), the Dijkgraaf-Witten invariant of M is

Z(M) =
1

#Γ
·

∑
Φ∈hom(π1(M),Γ)

〈F (Φ)∗[ω], [M ]〉,

where F (Φ) : M → BΓ is a mapping inducing Φ which is unique up

to homotopy, and 〈−,−〉 is the paring H3(M ;U(1)) × H3(M ;Z) →
U(1) ⊂ C.
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